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I. INTRODUCTION 


Tile rapid decline in this century of the birtli rate in the United 
States and the nations of Europe has led to a number of investijra- 
tions (n this field. Most of these studies have been concerned witli 
the difFcrcnces he^veen the h/rth rates of social, {^co^^^apllical, or 
economic (groups. The present study represents a preliminary effort 
to investigate certain socinl, economic, and psychological factors 
affecting ske of family by means of an intensive -study of one rela- 
tively small professional group. 

This sriicU^ is limited to officers of the United States Army Air 
Corps and their wives, The group Is therefore quite homogeneous, 
distinctly above the average of the general population in mcasiivnblc 
mental and physical traits, and the cultural and ecojiomic back- 
ground of llic individuals in it is fairly similar. It must, licwevcr, 
he borne in mind that even in the relatively normal period in which 
this preliminary study was made (i.c., before the present world 
emergency) tliis group may have been influenced by considerations 
not equ,^lly operative in the genci'al population. 

The immediate purpose of the preliminary study conducted in the 
spj’ing of 1938 was to obtain data on a select group, the officers of 
the United States Army Air Corps, with Pi'irticular reference to: 
(^) how many children they have, i.e., tlic extent to which they 
arc reproducing thcinselvcs; (ft) how many children they would like 
to have, or what they consider to he the ideal number of children 
per family; (c) basic psychological, biological, social, economic, and 
other factors which account for the number of cliildrcn they liavc 
ajid the number they plan to have and the discrepancy between these 
and their ideal, i.c., why they would like a certain number of 
offspring, whctlier they have this number, and if not, what are the 
rcaxSoiis; (rf) practical measures, based upon elements which appear 
to affect the family size, Mdiich would lead to an increase in the 
number of offspring. 

That attitudes and personality traits arc of marked importance in 
determining family vsizc is evidenced by a consideration of some of 
the factors involved. Many married couples, when asked Avhy they 
liave no children nr why they have no more children, answer by 
saying tliat tlicy cannot afford the added expense, Tlie answer is, at 
least supeiTiciaily, an ocnnnmic one. It is frequently, however, not 
an economic factor in terms of dollars (jf income, h\it only so in 
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terms of relative economic status. This immediately leads one 
to the problem of staiidaicls of living far yaWous occupatiofial groups'; 
to attitudes toward essential expenditures, and to other attitudes and 
personality cliaractcJistics. Within a given occupational field oj' 
economic level, varying birth rates must be explained in other tl\an 
economic terms. Clearly, health and sterility will be involved for 
some, but after these arc eliminated differences will still he found. 
In making a choice between a baby and a new car, what factors 
determine the decision? The car may be chosen for personal pleas- 
ure, to keep up with the class, to give more fieedoni for social 
purposes, to escape responsibility, because of fear of childbirth or of 
defective children, or for a number of additional reasons. These 
will rarely be expressed. They iiia 5 ^ not, in fact, even be recognizech 
The financial situation plays a part, but the aitUude toward the 
income and other factors may be equally or more iinportnnt. 

As mentioned above one of the basic purposes of the preliminary 
study was to obtain informntion concerning the practical measures 
which might be employed to assist those individuals in a group such 
as this who so desired to have larger families, As a result of recom- 
mendations based on the findings of the prcliininary study educa- 
tional scholarships were made available to children born to regular 
officers in the Army Air Corps during the calendar jTnr 1940 pro- 
vided there were already at least three children in the family. 

The text of the leaflet announcing the availability of these sclmlar- 
ships JS given in Appendix A. 

In the spring of 1939 prior to the time these scholarships were 
offered the Board of Trustees of the Pioneer Fund requested that 
a statement concerning the expected n umber of children who would 
qualify for such Educational Scholarships if offered be presented lo 
them by the director of the field study. In response to this request 
the following statement was submitted to them in April, 1939. 

The mean number of children who would have quaUfied in 
each of the past 10 or II years is 4.1. In each of these years 
there have been approximately 60 officers with three or more 
living children ,ind the youngest 5 years of age or Jess. The 
expected fluctuation from year to year, using the standard 
statistic.il formula for the chance fluctuation of nn event with 
a probability of 4 in 60, is found to be 1.9 (standard deviation). 

That this theoretical value is in fairly good agreement with the 
facts js shown by the GalcuLilud standard deviation of the 
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jiumbtrs cf tliililreii wlu) would have i|ii all lied in each of ihe 
pnac /I V'carN. The calculated jitamlard dciiaiiuji 2.5. h 
the re fore seen Uint llierc itt ictiH ihaii one chance in a ihousuiul 
ihui ns nmiiy an 12 cUiUlren would be born in any jiartinilur 
year wlihom llie imerv-enibm of aojim: fnndariH'nin) clianiit in 
the coiuiUions. 

A very careful analyhin of ihe rcplicM ^iven by Ihc oflicers 
and iheir wiveM in ilie receiii sur\'ey indieaieH ihui tif the 
33 officers inelnded in t|ie saiiriilc who bad ai lenvt llirec living 
children, abmu four arc iiiiite certnin to accept the offer of 
ihc i^cholarsluii, six appear to be quite favortibly inclined niul 
should be ronsidered as at least slron;; ]Mi.ssjbj)hies, and four 

Olliers aliliou^^h not very likely (o have nnodicr child bhotild at 

least he considered as possilnlines. Allowini:: for the fact 
that IB of the 33 have a child inuKr 6 year.s of aj?c, nml usiuK 
i}[c ffpires <d)iaincd from the I'erxoiincl Pr vision iinlicaiint^ 
that about 60 officers with three children or more have a chiiil 
^ under 6, we esiiiTinlo that iliese officers and the niher BO olVu'erH 
with at least three children will be very likely in have ni 
least 12 children liorii durin>^ (he calendar year 1910; (hat 
it is probable that they will have as many ns 20 or iff children 
during this )>eriod; and that there is n remote possibility that 

as many as 50 children iniulu he born. 'I'his Inlier pnsslhilb>' 

set-ins to he extremely roiiiolc however and (he chances of its 
happening arc cerininly 1cs> ihnn one in a iliousand.^ 

There weve 12 children Injin in 19+0 wlto ijualifictl fur scholnr- 
slirps tinder these condrdutis, The April, 1939, slatcinerit predicted 
that at least 12 children would he. burn durini^ the calendar year 
19+0 if the schularships were offered and also pointed mtt that rltcro 
was less than one chance in a tlKuisnnd that this would occur ui^lcss 
the scludarships were offered. 

There appear to he two principal reasons why this /imire was 
somewhat below certain of the hitcher otimales driven in 1939 on 
the basis of the analytical study which had been made. First, tite 
present world wav, wdiicli introduced a lamer factor of uncertainty 
into the lives of these officers than would ordinarily have betMi the 
case; and second, the fact reported by individuals in tluf Medical 
GorpSf that a number of ofliccrs and wives who indicated that they 

TUna^nn, Jolin t’, Siiuviiieiu rfniecjnin^ expcncil jmiiilier of elnlilrcu 
who will qualify for ilji* Kduenlional Scholarships wliicli it l.s propoHuri 
tliai ihc Pioneer I'uml offer as prt.sejited lo ihc Jloaril of Tni<«ief.s of iliai 
ojganiznlion nL ih meeiin^r A|)ril JO, J939. 
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would have another child if scholarships were made av^ilnblc found 
that they were physiologically incapable of bearing children within 
the time limits giYcn. 

It seems clear from these /indings that the financial factor is not 
a negligible one in detennirting family size hut shnilarly it is not us 
prcdojninnjit as a super/icinl invesrigntion iniglit imply. 

The present study does not pretend to untangle the complex 
matrix which includes the factors responsible foi the determinatinn (if 
family size. It is being reported mainly in the hope that the piu- 
cediircs developed and some of the preliminary indications as to types 
of factors which may lie of importance will be found useful by later 
investigators. TJie reader udio is interested in a sj'stcmatic review of 
the litcratiue or a general discussion of Hits problem is referred to 
the excellent recent book: by Osborn (7) and an earlier book by 
Lorimer and Osborn (5). 



H. CiKNi:UAL PROCKDURES AND DESCRIPTION 
OE SAINIPLE 

A. <iLNi;RAL Plan of thi- Study 

As ])rcviDusly tha pl;jn of this study diHercd ratlitY fiuida- 
inrnlally fioiii tliosc cif prcviims invest ij^ations in this ficlJ. Earlier 
studieji liav(! lieeti cdfiuTned with one or tw'o or at the most only a 
few items of infoniuitioii about each inilivhlufil hut have included 
thousands of individuals — fnainontly whole popiihitions of regions. 
In titc j>iesent sltidy over two thousand sejiarate items of informa- 
tion were obtained ciuiccrning each family but only a few hundred 
fiunilies were included. 

This study differs fnnii most previous studies not only in the 
amount l)\it also in the type of inforinatif)n secured from each indi- 
vuhud. While mt>st studies have been confined to the collection, 
tabulation, and analysis of objective data siicli as age, race, education, 
religioj), r>i’cuj)ation, ijicome, si/c of ctnnmujiity, and age at juarriage, 
the present investigation also includes many suhjectivc and psycho- 
logical factors such as attiti[(lcs, iiitcrests, preferences, and values. 

The relevance i>[ such psychological data to an investigation of 
family size is obvious. 'I’lic principal (inestion concerns the validity 
and accuracy of the data and of the int<Mpictatic)ns based on an 
analysis of them. Significant improvements liave been made in recent 
years in the teehnhpies for obtaining and analyzing such rlata. be- 
cause of these developments it seems likely that there will be a num- 
her of important stod/os /n tJm field in the near future. 

To assist in formulating the specific procedures and forms to be 
used in the snidy an ailvisory committee was selected. Tlie commit- 
tee included Dr. Elmer D. West of Stonclcigh College, Dr. E, 
Lowell Kelly of Punluc University, Dr. Frank Sluittlcwortli of the 
College of the City of New York, Dr. Neal Miller of the Institute 
of Human Relations of Yale University, Mr. Charles R. Langimiir 
of the Carnegie Foundation, and Captain Loyd E, Griffis of the 
U. S. Army Medical Corps, 

The committee disciissctl a number of possible methods of collecting 
tJic necessary data. The procedures most seriously considered were 
the interview method and the qucslionnaire method. It was decided 
that the (piestKjnnairc method would be tried first becauKc of the 
excellent rcvSnlts Dr. Kelly reported that he had been getting with a 
modified ([iiostionmiiic procedure in a somewhat similar situation, 


n 
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bccjiuse tile questionnaire had heen reported as inure vmIiiI in ob- 
taining personal data than the interview (3)» and finally hticausc 
it would require much more time to secure good results by nicans of 
the interview procedure than lor the iiiiCvSiiotiiiaiie nietlioih both 
for the investigators and the o nicer s anti their wives. 

The committee prepared a prclimijiary form of the qucstionnsiire 
for which a few of the items were taken from forms whicli have liecii 
used in studies of marriage (+). Certain published tests (1, 2, S, 9) 
were also selected for use with the preliminary groups. In preparing 
the materials principal emphasis was placed on making tlic tjucstions 
as simple and easily answered as possible. Most questions wine to he 
answered by a single word or number and many of them required 
only the placing of a check mark after the appropriate choice of 
several given. 

B. Prelimikarv Testj^ig of Materials and Proceihjri'S 

Tile general plan and the preliminary set of materials were ie>ted 
with three small groups: a group of six oflicers and their wives at 
Bolling Field, 24 officers and tlic wives of about Iwii-tbirds of tiuun 
at MitcJjcl Field, and a group of 20 professors and tlicir ivivcs at 
the University of Connecticut. Tlic icsiilts obtained from the f 
groups were anfd 5 ^ 2 cd to obtain suggestions for the improvement of. 
procedures and specific items used, "i'hc committee had bccji somcwlinl 
uncertain concerning the extent to which Some types of questinns 
would be sinswcied. There were also directions for indicating 
answers to certain groups of questions, the clarity (d which necdeil 
testing, 

For example, prcliininar)'' tests showed tliat accurate information 
concerning the sixes of families of uncles and aunts, t!mt is, the 
number of cousins either ever-born or now living cannot be obtained 
from many individuals. Similarly it was found that in spite of much 
careful revision of certain directions by the committee, they were i>till 
misinterpreted in certain ways by some of the group. Other informa- 
tion was obtained from the preliminary groups such as tlmt evorv'ene 
responded to certain questions with practically the same {Uiswcr, 
LSince this study is mainly concerned Avith establishing difTcrenccs, 
Such items were rev used or cliiriinatcd. Il was found that the answers 
to certnin othcL' quc??tioiis were difficult to interpret aiul did not 
contribute to the study as it was expected they would. Such items 
were also revised ot eliminated. 



JOHN C, VLAJ^AOAN 


13 


I/i gciieral it Ilia}' be s^iid that tlic committee regarded tliis jire- 
liininary testing as almost an indispensable step for a stud}’ of this 
t.vpe. Certainly the <iucstionnairc called the lurmi/y Re part Fonn 
was v^eiy signi/icantly improved as a result of this preliniiiuiiy work, 
and it was possible to proceed in the planning of tlic main study svitli 
confidence that the procedures were practical and could he expected 
to yield useful results. 

C. CoLijiCTioN OF Data 

The general procedure adopted was to arrange for the personal 
presentation of the general plan of the study to officers at the various 
postsand retinest their cooperation and that of their wives in providing 
the necessary information. Since it did not seem practical to visit 
all of the 40 or SO posts at which the officers in tl\c Army Air Corps 
were stationed, it was planned that a sample he obtained from the 
•larger fields. An indication of the way in wliicli tlic officers were 
distributed is provided by the following figures giving the number of 
Air Corps officers stationed at the various fields in March, 1037: 
Randolph Field, '^fexas, 154; Langley Field, Virginia, 122; Maxwell 
Field, Alabama, 109; Barksdale Field, T/Ouisiana, fi4; March Field, 
California, 83; Wright Field, Ohio, 70; Chaiiutc ]''icld, Illinois, 68; 
Kelly Field, Texas, 67; Hamilton Field, California, 65; ami Alit- 
chcl FicU]> r4cw York, 58. 

It is seen that these 10 fields account for a little less than 900 (jr 
about 60 per cent of tlic total group of 1472 regular officers whij were 
in tlic Army Air Corps at that time. 'Die remaining 600 were diviileil 
into small groups with about 10 or 15 officers in cacli grmp) wJjich 
were scattcrcf] e>ver the United States and its territorial po.ssession.s. 

Through the cooperation of various individuals in tiie War Defiart- 
ment and especially General H. H. Arnold, then Assistant Chief of 
the Air Corps, it was arranged that Captain Lord K. (Jriffis, a 
flight surgcof\ cm leavT from the U. S, Aniiy Medical Corps, should 
visit the fields selected and explain the study in some detail to the 
Commanding Officer. The Commanding Officer then made anange- 
mcnls, insofar as possible, for Captain Griffis to present the plan of 
tlic study to the officers at that particular post. Altliovigli tlic iiar- 
ticipation of the officers was on an entirely voluntary I)asis, cxcelleni 
cooperation was obtainetl. Of the grotip oi approximately 60f) oflicers 
to whom the study was presented 427 officers and .126 of tlieir wives 
filled in the forms. 
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This response appears to be especially Rood when it is noted that 
the complete set of forms and tests usually required more than tiirec 
hours to fill out. A complete summary of the forms used and the 
responses obtained is ^iven in Appendix /i. 

It is difficult to decide which factors were the most important in 
enlisting the cooperation of the group, but tliosc of particular value 
included the intrinsic interest of the problem, the precautions to ensure 
anonymity, the offer of a report on the personality and interest blanks, 
the official approval which had been given to the project, and the 
possibility of obtaining a vocational interest pattern on the Strong 
FQcatioit{il Inler£st Dhuk which might be of assistance in the selection 
of future officers. 

The officers were asked to enlist the cooperation of their wives. 
Each officer who was willing to participate signed for a set of forms 
for himself and for his wife with the instructions to retuni them 
sealed to the commanding officer when completed, or to mail them, in 
the envelope provided, direct to the office where they were to he 
analyzed. 

The officers were told that on all but tlie purely factual iteni.s 
independent opinions from husband and wife were desired. Although 
it is recognized that most of the couples must have previously dis- 
cussed many of tlic items, the results indicate that the fjpin/nns rc' 
ported were nearly always given independently. 

D. RnPTlESENTATlVENnsS OV THE SaMPLE OBTAINED 

If generalizations are to he made concerning the officers in the 
Army Air Corps on the basis of the data obtained from tliis sample, 
ft is important to examine the evidence concerning the representative- 
ness of the sample. In the first place the probable effect of the pro- 
cedures used in collecting the data will he discussed, To what extent 
may the total group of officers stationed at the particular posts visited 
be considered as representative of all officers in the Army Air Corps? 
Since all of the large fields as well as a few of tlie small fields were 
visited, the only possible selective factors introduced in tliis way would 
appear to be those associated with size of post. An important factor 
here is the general policy of the Army to have officers change posts 
every four years. In recent practice most officers in the Air Corps 
are transferred every two years. This results in iiuitc a genera! 
shuffling Vnd would seem to increase very greatly the chances that 
the sample obtained should he representative of ihc Air Corps. 
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The next point concerns the extent to which the p;roiip filling out 
the forms is typical of the entire ^roup of officers at a particular ficM. 
It appears lilcely that the group actually seen at a given field would 
tend to be somewhat more representative of the younger officers than 
oi the older ones. The higher ranking officers would he soincvvluit 
more difficult to bring together and presumably also liave less free 
time to devote to such a project than the yoiuigev officers. However, 
the variety of appeals used in gaining the cooperation of the officers 
as mentioned above should serve to prevent the responding group from 
being seriously biased. 

Some actual evidence concerning the representativeness of the satiiple 
in certain respects is possible by comparing the sample with the total 
Air Corps on those characteristics for which data on the total group 
is available in the personnel files of the Air Corps. 

Table 1 shows a comparison of tlic ranks of the officers in the 
sample and in the entire Army Air Corps. 

TAliLE i 

PoMPAHarivj; Data (’oncjjunjwo Rasks or tiji*: Oii'icjias 

Numher Per C’ent 


A 

rmv Air Corps 

fiainplc 

Army Air Chirps 

Sam pie 

Rtink 

' 1936 

193S 

1936 

i93S 

ColDnel 

44 

7 

3 

2 

Lt, Colonel 


la 

a 

Z 

Major 

332 

61 

24 

1+ 

Captnln 

304 

ill 

22 

26 

1st Lieutenant 

5()S 

m 

36 

42 

2nd Lientenant 

127 

55 

9 

13 

Unknown and other 

0 

3 

0 

1 

Total 

1397 

427 

100 

100 


With respect to rank, it is to he noted that the sample iiicliulcs a 
larger proportion of the officers of the lower ranks than did the total 
Air Corps in 1936. This is to be expected since the older officers 
cannot be expected to be as mtercsted or as able to find time to co- 
operate as tile 5'^ounger group. However, this docs not appear to lie 
very serious in relation to the general purposes of tlte in vesligation. 
It might, liDWCver, tend to inlrofliice a bias into tlie older groups which 
would interfere with comparisons of tlie responses of groups of young 
and old officers, 'riiis should be kept in mind in interpreting the dal a 
presciitcd in later chapters. 
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In Table 2 are picscntccl comparative data concerning aj^e and 
marital status, It is seen that the sample contains about 10 per cent 
more ofliccis^ ages 30-34 and about 10 per cent fewer officers* ages 
40-44 than does the entire Armv Air Corps. Otherwise the groups 
are quite similar with respect to tlicse factors, 

I'hc only other characteristic on ivhicii data were available for tlic 
whole of the Air Corps was family size. As will he seen in Table 3 
the sample appears fairly similar to the total Air Corps in this respects 


TAIlLt: i 

Comparative Daia Cowcer.vino 'Family Si?.r 



Nuiiiher 

Per 

Cent 


Army Air 

Sample 

Army Air 

Snniplc 


Corps 1936 

1933 

Corps 1936 

193S 




Singir 



148 

33 

11 

9 



or divorced 


0 cliKdrcii 

435 

117* 

31 

27 

I child 

397 

125 

23 

29 

2 children 

296 

lOL 

21 

24 

3 children 

83 

2S 

6 

7 

4 children 

29 

12 

2 

3 

S children 

5 

2 

0 

U 

6 children 

3 

3 

0 

1 

7 children 

1 

0 

0 

0 

10 children 

0 

1 

0 

0 

Totnl 

1197 

+27 

100 

100 


*This groui) incUulcR 38 oflioci-s unable to liave clilldrcn bccniise of 
sterility^ six officers who are both childless and divorced, 12 who arc expecting 
their first child, and 61 others who piesiimflljly could Iiove or cno Id Imve 
had children. 


The sample has a sliglitly greater nunihcr of children per officer. 
Some of this apparent difference is due to the fact that the sample in- 
cludes eases of stillbirths wlicrcas the /igurcs given for the whole of 
the Air Corps in 1936 do iiot. 

Table 4 gives tlic comparaliv^e profKMtions of West Point graduates 
in tile total group of Air Corps officers, as of Jnnuaiy 1, 1937, anil in 
the sample of officers obtained in this study. It is seen tiiat the pro' 
portion of graduates of the United States Military Academy is some- 
what greater in the sample than in the Air Corps as a ^diole. 

Although not pci'fectly representative of the total Air Corps, this 
sample of officers includes officers representing all of the biuad 
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tahliv 4 

Comparative Proportions of CiRAnuATFS of the Unitfi) S fates Mii.itaav 
Academy at West Point in the 'Fotai. Ghoui* ok Air C'orps Ofitchus, 

AS OF January 1, 1937 anti in the Sam it. e 
Odtaineo in the String oi- 193ft 


Uniicil SinlcH 

M’lliiary AiTU^cim’ Other 

Total Air Corps (1937) 31% 

Sample (1938) *il%' 59% 

categories of rank, ngc, and family status present in the total irroup. 
There is no evidence that the method of or the procedures 

used in collecting the data have introduced any serious bias which 
might invalidate the general findings of this study. 

E. Description of the Group 

As was seen In the previous section a large number of the olTiccrs 
in the Air Corps arc graduates of the United States Military Acad- 
emy at West Point, Most of the other officers arc graduates of 
colleges. In addition to such academic training these officers arc 
normally graduates of the Army’s Flying School. They arc not 
allowed to marry until they have completed their (lying school 
course. For this reason the average age at marriage is somewhat 
greater for this group than for most groups. However once they 
have received their commissions in the Army Air Corps, they arc 
established with a regular salary and the expectation of regular 
increases and a relatively adequate retirement income. 

As will be seen in Table S, most of the officers get married fairly 
soon after their training is completed. This table also shows that 
most of the officers are between 25 and 50 years of age. As indi- 
cated by the median years of service of the various age groups they 
usually enter the service at about 22 or 23 years of age. By the 
time they are 30 about 90 per cent of them arc married and very, 
very few of them never marry. Rank is almost entirely a matter 
of length of service. An officer in his forties is usually a major and 
an officer in his fiitics a colonel in the Air Corps. Salary is in 
accordance with the schedules published in the oflicial /Jnny Rej^/s/er. 
Base pay is determined by rank and length of service, A living 
allowance is provided, the amount of which is determined by rank, 
length of service, and whether the officer has dependents. At many 
Army posts housing facilities are provided by the Army for the 
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amounts allowed the officers for such purposes, 'I'hc Air Corps 
officers receive 50 per cent additional base pay when on fly i up: duty. 
In order to qualify for this additional amount, it is necessary lliat 
tlici’’ be ordered to llyiri^ status and (ly at least four limirs every 
month. Most air corps officers arc on Ilyinp: status and do ipialih". 

It will be noted that the salary schedule com pares favorably with 
those of successful professional groups, There is no insurance jiro- 
vided free by the government for Army officers, jieithcr arc the 
officers compelled to cany any; but within 120 days of ohtaininj' 
their commission they may take out $10,000 of government War 
Risk Insurance given at a rate whicli compares vei\' favorably with 
tliat provided by private companies for civilians. In practice most 
of the Air Corps officers cany substantial amounts of life insurance, 
underwritten by private companies, Some private insurance ct)ni- 
panies will not sell life policies to men engaged in aviation owing 
to the difficulties of estimating the risk, Those which do issvic 
such policies require an extra premium of about $10.00 per $1,000 
of insurajice per year. 

The government docs provide gratuity pay and pensions, In 
general, gratuity on death amounts to six months’ base pay in a 
lump sum, including dying pay and pay for qualifications in the use 
of arms, payable to widows and children under 21 years of age ajul 
iinniarricd, or otherwise to designated dependent relatives. Pen- 
?ions amount to $22,00 for a widow under 50 years of age ; $20.00 
for a widow 50 to 60 years of age; and $30.00 for a widow over 
65 years of age. A widow with one child gets $7.00 addilionnl pay 
to 10 years, increase to $11.00 from age 10, with $6.00 fur each 
additional child up to 10 years. When there is no widow, but {)nc 
child, $15.00; no widow but two children, $24.00; no widow but 
three children, $34.00, equally divided. No monthly rate exceeds 
$56.00 regardless of the number of dependents, 

IMedical attention is provided by the Army for all military per- 
sonnel and for civilian dependents (wife and children) where pos- 
sible. After 30 5^ears' service officers can ask for ret ire men t. Such 
requests arc ordinarily granted. In practice quite a numher of office rs 
in tile Air Corps are retired earlier because of the high physical 
requirements of flying. 

The average numher of children per officer for men over 40 years 
of age as found from Table 5 is 1.39 which is lower than that of 
most professional groups. This number will be icduccil still 
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further before thi' chilrlren are M cncm^b to i^hy their part in the 
reproductive cycle. 

The hirlh rule uf tins jriauip is nmKi<li'rithly biwer than those 
which have been lejiuited for most otlu:r (rremps, In a survey of 
ColuJTibus and Syracuse Nnteslcin and Kiser reporled (6) tluit the 
sizes of completed families of profe.ssional perjple were 2.40 and 1.88 
respectively. For these same cities the eonudeted frifuilies tif people 
in business were 2,% and 2.(8, for skilled workers 2.71 and 2.20, 
and for unskilled workers 3.52 and 4/)4. 

A comparison of tlie reproductive rate (»f this izroup witli that 
of the United State.s as a whtde and with other poups may be 
made by calculatin(i the net reproductive rate used by Lorimer and 
Osborn (5). The value found for the Air Corps by this nicihod 
is 0.5+ whereas the rate fc)r the total population is reported as I.IO. 
Tile Air Corps' net reproductive rate is also below iJint of tl»e otlier 
professional f^roups which coIicctiv<4y have a value of 0.7(). Accord- 
ing to Lorimer and Oshorn there can be no doubt from this that 
the officers of the Air Corps are a i^roup winch will not have propor- 
tional representation in the next genera I i<»n. It should be men- 
tioned that the net reproductive rat<? lakes inti* account ri|zc and 
differential mortality. 

Anotlicr iEUcrestiinz; comparison may be luailc between the per- 
centage ever married and the mnnber (d children per maniaRC 
amonR Air Corps odicers and amonfr various fzroups of college 
graduates. The figures extracted front Lorimer and Osh(*rn arc 
given in Table 6 with tluise groups which are coinpa table with 
respect to age. 

It has been mentioned that Air Corps oflieers usually move once 
every two to four years. Orher facior.s which should be noted in 
coiinectlou witli the low lu'rth rate shown in 'rabies 5 and 6 are the 
lack of educational facilities in the vicinity of some of ihc Army 
posts and the hazards of flying. One other point of some Impoi taiicc 
which should be kept in mind in interpreting the umterials in the 
following chapters is tlmt unpublLshed data in the files of the )Var 
Department indicate that the average sl/.r of family of Air Corps 
officers Is about the same as for odiceis in otIuM- branches of the 
Army. 




Ilh 'rilK CONCKP'r Ol' idkai, family SIZIC 

The data cdlicctetl in this study may he cla^'ified Into two principal 
cate^^oiics: first those wlilch refer to faclov> involved In tlic fonnu- 
tion of a co7iccpi: ideal family size, and .seconi) ll)rise ndiicli are 

eoncerned with the determiiu'is of actual family si/e under present 
circumstances. Inronuaiion ohtuined of the lirsl of these two 
penoral types is presented in this chapter. 

Sonic previous Ninrlie> have hrei) coiicer/ied with certain phtsica] 
and cnvironineiUat factors effecting: family size, hut practically no 
invcstitiatioiis have been made of the effect of psycholn[iical factors. 
One of the principal aims of the present study was to determine the 
size of family which won Id he ilesired if all physical and environ- 
mental factors were made “fH'rfcct.’’ 'I’his prohlem is purely -ii psy- 
choloi^ical one depemleni on personality traits, interests, attitudes, 
values, and Udiefs and is indejieiident of such factors as health, 
rc.stiictiim of activities, iinancial resources, characteristics of sjiou.sc, 
or the uncertainties of life, 7‘hts chapter represents an analysis 
of the psycitolouical factors related to llie desire to liave a mimhcr 
of children and the following chapter is concerned witli the factors 
which cause that numher lo lie iiiodiiieil in aeiual j)i‘acticf\ 

A fairly coin[det(5 suniniary <if ilie Imscc data oluained from the 
Family Report Form and ihe other ps\e!uilopcal report forms uscti 
in this study is prtnided in Appendix //. 'The reader is referred 
to that summary for a more coinpleie preM;nt;uion of tlie repin is rm 
which the discussion in this and the hdlowintr cliatwcr is based. 

A. Nu.\f I'KicAr. Rlpokts or lni:.\r. Ka.Mii.v Si/r: 

The data about which ihi* jliscu?»Mon of this cliajMer centers is 
provided hy the answers to the third <pj(^ti(jri in , Section U of the 
Family Report Form: '7/Voo do you 7im/' t\\ ifu' itfvaf numiMr of 
childvfji for ilir avvnif/r rl nirriraii faniily/' y\s reported in Appen- 
dix B the average of the values indicated hy tlie oflicers was .F24 
children, 'idle averat^e of the values rejKute<l hy {lie uives \vas 
found to he exactly ihe same \o two decimal places. It is veiy 
sij^nificaiU for inteipretimi these lindintis to noie that appioximalely 
95 per cent oi both oflicers and wives "rlrcied Iwcj, lliree, or fo\n 
as the “ideal nuinher nf cliil<!een ho the a\'ei:i(w Americ;m familv.“ 
d'hc dej^ree of bommwneity iit ihc'-e ansueis veiv seriouslv ledoees 
the possibility of liiuUnp: any lal^e and dununaljiu' (achn^ eaiisinp 
individual dirfcrences in “ideal family si/e.” 
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To obtain perspective for these values they are showjt in Tabic 7 
along with similar data which have been obtained for other groups. 
In tlie present study and also in the survey of women made by the 
Ladies' Home J^nrnalj it was found that the average response given 
by individuals under 30 years of age was 3.0. This is somewhat 
lower than the average of the older group. It will be seen that 
most of the values given in Table 7 arc in fairly close agreement 
except tliose found in the Maryland youth study. Tlic author of 
the latter study also reports a trend with age in his study. It 
seems likely that part of this increase with age is clue to maturity 
and other factors accompanjnng increasing age. It also seems likely 
that part of it is due to a changing point of view in the oncoming 
generations. A more detailed study of trends in ideal family size 
should be of considerable value for predictions of population growtli. 

Since the concept of ideal family size is found to be fairly similar 
in rather widely varying groups in this country and shows only a 
very small amount of variability, it would seem to be to a large 
degree a social rather than an individual concept. It seems pertinent 
to examine such data as is available in this study concerning the 
extent to which this concept is traceable to the family group, the 
larger social groups, and the characteristics of an individual's per- 
sonality which arc chiefly dependent on physical inheritance rather 
than environmental acquisition. 

B. Factors Associatud with Family Background and 
Training 

One of the most obvious points for investigation is the relation of 
the individual's concept of ideal family size to the number of chil- 
dren in the family of which he was originally a member, A definite 
correlation is found here. The Pearson product-moment correlation 
coefficient between reported ideal size of family and the number 
of brothers and sisters the individual had is .33 for the husband and 
.23 for the wives. Both of these coefficients arc sufficiently large 
to preclude the possibility of their being considered errors of sampling. 
A similar analysis shows that the chances are greater than two to 
one that an officer who reports two or less as the ideal family size 
comes from a family of three or less children. In the same way 
it is found that the chances arc also more than two to one tliat 
an officer who reports four or more as the ideal family size comes 
from a family of four or more children. All four correlations of 
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ideal she of famil)' ivirli number of parents' srblinf^ arc also positive 
though somewhat smaller in size- It is seen that an important 
factor in cletcrmining the individual's concept of ideal family size 
is the size of tile family from which the individual comes. 

It would seem reasonable to suppose that the c<mc(ipt of ideal 
family size would be influenced not only liy tlir number of bnitlicrs 
and sisters but also by such otlicr factors connected with tlie family 
as happiness of the parents and the individual durinj^ diildltood, 
There is a slight tendency for hoth the ufliecrs and the wives who 
indicate relatively large ideal family sizes also to report a greater 
than average degree of marital happiness on the part of the parents. 
On the other hand it is found that in the case of both ofliccrs and 
wives tliosc iiulicating relatively large ideal family sizes repf3rt their 
childhoods as slightly less linppy thnn do the rejnaindcr of the group, 
Although in neither of tliesc cases is the rclaiionslilp sufficiently 
marked to lend a satisfactory degree of confidence to the findings, 
the fact that it is expected that the rclaticutship would be slight, 
if present, would seem to justify further investigation of these points, 
One further point of this general nature was investigated, The 
individuals were asked whetiRM* their parents considered their families 
to be too large, 'J'he reports id both the officers and wives giving 
four as tile ideal family size were iMactically the same as those 
giving two as the ideal size- However, since the families referred 
to in one ease averaged four or five children and in ilic uihrr ease 
only about three, the repoit that tlw parents in llic two groups corv 
sidcred their families to he of about tlie right size eijually fre- 
quently is in itself of significance- 

Probably the otlier faePir assonatril with the home of most signifi- 
cance according to the result^i of this investigation is religious pref- 
erence and religious training- In this MikIv it was found iluit the 
particular dciioiiu'natmn in w'luVh memhei'sin'p was hriil made very 
little difference in the lepnrted ideal size, of family. On the either 
hand there is a significant relaiioiiship between report o( extent 
of early religious training and ideal familv size for the wives and 
a significant relationship bi'twecn letMiri of piesrnt cIiuitIi attniflancc 
and ideal family size for ihe r#nii’ers. 'J'he ef^nesponding lelation- 
sltips for officers aufl wiv<s' res^Krtivelv are siinilar hut not sifffieicntly 
marked to yield a salisfaciniy drgici- of cimfiiienri' when the usual 
statistical tests are applied. 

In Scclion (r, which is discussnl in ilciail l.Uei ii^ this chapter, 
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one of the items called for a report of the iiiiportaiicc to them per- 
sonally, avS a reason for having children, of the statement; ''Jl/nw/i// 
chflflren is considered a reUgioits ohligaiion.** In rcsj)onse to tills 
question 51 of tiic 427 officers and 53 of the 320 wives indicalcd 
that tliey considered it of Some, Much, or Great Importance, Most 
of tile officers and wives considered other reasons as of much Kicatcr 
importance. 

One other type of information was obtained con;:crninit the rela- 
tion between attitude toward rclii^ion and ideal family size in con- 
nection with the Allport- Vernon Study of Vutucs Scales. Scores on 
the Religious Scale of this blank were found to be significantly 
related to ideal faiiiil}^ size as reported h}' hotli officers and reives. 
This scale provides a means of comparing interests in various objects 
and types of activities in an effort to determine tliosc patterns nf 
values which arc dominant in the particular individual, 'riic Reli- 
gious Scale is intended to represent religion in the hrnadCxSt sense 
as an effort to * ^comprehend the cosmos as a wHcjIc.” A high score 
on this scale does not necessarily represent the acceptance of any 
particular creed or dogma, 

Another factor relating to ideal family si/c whicli is associated 
with home training is the general question of perpetuating the 
family. Twenty-seven per cent of tlic officers and 22 per cent of 
the wives indicated that they regarded the carrying on of the. family 
name and social tradition as of 'hiiuch'* or "great^’ importance to 
them as a reason for having children. Nine per cent of the officers 
and 6 per cent of the wives reported that caiTying on the professional 
traditions of the family was considered of “much'* or 
portance by them as a reason for having children, Tn responding 
to the remaining question related to this topic, 5 per cent of tlic 
officers and 3 per cent of the wives checked '‘carrying on the family 
enterprises*' as of “much" or “great" importance to tliem as a 
reason for having children- It can be concluded from these data 
that the perpetuation of the family is a factor hut not a large one 
in determining Ideal family size, 

C. Social Factors Related to Ideal Family Si/e 

The principal evidence concerning the importance of social faclurs 
in determining ideal family size is also^ obtained from the section 
of the Family Report Form just (|uotcd, Section (r, whicli was 
devoted to Reasons for Havin// Children. Of the various reasons 
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for having cliildrej) which I'niglit be classified under tlic general 
hcadinG; of social reasons, ^^Cood stock ought io reproduce itself*^ 
is checked as of ^'miich*’ or * ‘great’' Imporfcimce to them by 52 per 
cent of the oflRcers and 57 per cent of the wives; ^^ChUdreu are needed 
io crtr/y on the iradipous of the country^' receives a siinllav response 
from 35 per cent of tl»c officers and 42 per cent of tlic wives; 
perpetuate the social class of which the parents are 7u embers" obtains 
sue]) a response from 21 per cent of the officors and 17 per cent of 

the wives; and ^^llaving children is considered a social ohligniwi^ 

is similarly marked by 9 per cent of the officers and 10 pci cent of 

the wives, A majority of the group consider it very important 

tliat good stock veprochice itself, but do not consider tl)e general 
social obligation to have children of much importance to tliem* 

Two related reasons which, while not definitely related to social 
factors appear to be largely influenced by social customs and beliefs, 
were regarded as very important by this group. Seventy-four per 
cent of the officers and 83 per cent of the wives reported that the 
stateinent, **A family is 7 ioi cojuphte without childre?” was of 
’‘much’’ or ‘‘great” importance to them as a reason for having chil- 
drenj and 33 per cent of the officers and 47 per cent of the wives 
checked, ''One of the purposes of marriage is to produce children/' in 
a similar way. 

The pi*cdominant reason for hnving children in tl)is group is that 
It is the natural and expected thing. One of the traditional re- 
sponsibilities of being a wife has been to bear and rear cliildren and 
that continues to be considered a primary duty. TJih has, of course, 
been related to the position of the husband as the provider for 
tile partnership. T))crc is evidence that in cases in whicli tlie wife 
has a substantial independent income of her own and therefore is 
not dependent on lier husnnd for support, she apparently also feels 
less obligated to liave children. This appears, however, to be a 
relative matter and if the husband has an outside Income greater 
than the independent income of his wife, her status appears to be 
quite similar to that of the wife without an independent income. In 
general, it may also be said that a woman who marries a man from 
a family with a higher socio-economic status than that of her own 
family is more likely to feel an obligation to have children than when 
the reverse is the case. 
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D. Individual and Psychological Factors Relatcd to 
Idbal Family Sizi- 

In addition to the reasons for liavin^ children ^vhich liRvc already 
been reported, a niniiber of other reasons were fnclii<led, luivinjc 
chiefly to do with advantages accriiinK to the individual as a result 
of having children. Certain of these were considered very Inv 
portant by the ^?roup, especially those relating to effects on tile 
family and the companionship aiul enjoyment of children. A few 
of these arc given here followed hy the percentages of officers and 
wives indicating that they regarded them as of "much** or "great" 
impoitnnce. ^'Children fend to r?take the fa/ndy fnore stftble/* offi- 
cers — 63 per cent, wives — 64 per cent; "For the comff^Jfiionship of 
yotuiff children,^' officers — 67 per cent, wives — 68 per cent; ''fVatch- 
uig children grow up is a lot of fun,** officers — 53 per cent, wives — 
70 per cent; provide a feeling of contentnieni in old age*/ ofTiccrs 
— 39 per cent, wives — 52 per cent. A complete summary of the 
responses to Section G is given in Appendix if. 

A significant relationship was found between the reports of ideal 
fapiil}' size aiid the importance attached by tlic officers to having 
children because of enjoying them, In general very little relation 
was found in this group between reported "ideal family sl/e'* and 
scores on general measures of interests, values, and personality 
traits. The largest differences were fovind for the groups report- 
ing "two" and "four" children as their "ideal family size" on the 
scales of the Allport- Vein on Study of f^alues. The scores of the 
group giving "four" as their "ideal family size" were significantly 
greater than those for the individuals reporting "two" with respect 
to the Religious Scale and significantly smaller with respect to the 
Political Scale for both officers and wives. Both officers ami wives 
reporting the larger number as "ideal" were lower on tlie Economic 
and Aesthetic Scales than the corresponding groups reporting "two" 
as the ideal but the differences were so small that they could easily 
have been due to sampling fluctuations. Similarly there were no 
large differences with respect to these two groups on tJic Optimisni- 
Pessiniism Seale used or the scales of the Ilcrnrcutcr Per^oriali/y 
Inventory or the scales of the Strong Vocational hitcreU lilunk. 
The attitudes, interests, and beliefs which influence the indiviilual's 
concept of ideal family size scczn to be quite specific and iwt par- 
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ticulavly related to othcv general attitudes and personality charac- 
teristics. 

In summary it appears that the individuaVs concept of ideal family 
size is largely determined by what the individual lias heard or been 
taught. In some cases it is probably a ^'stereotyped' with no very 
large amount of dynamic influence in practical situations. 




IV. DETERMINERS OF FAMILY SIZE 
A. Deviatjons from “Ideal** Familv Size 

In titc preceding chapter the development of tlic individual’s con- 
cept of the ideal family size has been discussed. The question now 
arises, **Docs the iiidivuhial hm the nvviber of children he ccnsulers 
"tdeaV ({lid if not what are the factors chiefly responsible for these 
deviaiiom from this 'ideat numberT^ In answer to tlic first part of 
this question we find that whereas a majority of both officers and 
wives reported that they considered three or more children, (average 
equal 3-24) as the ^ficlcal/’ most of tlic in expect to have two children 
or less (average equals 1.95) tlicmsclyes. Both officers and wives 
attribute most of this discrepancy to the general conditions associated 
with life in the Army Air Corps, The average of the values reported 
ns the ideal h umber of children for an Army Air Corps Officer is 
2.53 for the officers and 2,44 for the wives. It is further apparent 
that they attribute much of this discrepancy to factors associated with 
all blanches of Army Service, for tlie average of the values reported 
as the ideal number of children for Army Officers is 2.72 for the 
officers and 2.5 S for the wives. 

It should not be surprising tlint such a large part of tliis discrepancy 
is attributed to factors common to the group since so many factors 
such as salary, living conditions, social activities, and occupational 
hazards are very closely similar for all of tl;cm. The remaining part 
of the discrepancy is presumably to be accounted for by individual 
factors such as health, physiological conditions, mar i teal happiness, and 
dependents other than wife and children. 

Discrepancies between actual family size and ideal family size arc 
not always in the same direction as is the ease for this group, There 
are a numl>cr of individual cases in which the number of children 
is greater than the number considered ideal by the persons concerned. 
In some cases this may be attributed to the manner in which these 
data were reported but more frequently It appears to be due to a lack 
of control of family size. It is clear from the data presented in the 
preceding chapter that in certain other social groups, particularly at 
the lower income levels, the actual size exceeds the ideal size largely 
because of lack of adequate control of family size. 

Before proceeding to a discussion of the factors which seem to he 
of greatest importance in determining actual family size, the problem 
of estimating size of completed family will be considered. The best 
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estimate of size of compieted is derived by utilizin^^ data only 

from parents who arc apparently beyond the cliiKl-hcari[i|:^ a[tcs. 
Because of the severe restriction this would place upon the mniiber of 
families available in this study and also because of the [greater iiUcrcsl 
ill tlie younger groups who are actually in process of detcrniiniiiK 
family sizc^ this group has been segregated only for certain checking 
purposes in this study^ Another procedure which has been ircciucntly 
used is to segregate groups of individuals of tlie same age udio have 
been married the same lengtii of time. The analysis of the data 
provided in tills study yielded no significant diffcvciiccs between the 
number of children born to ofliccrs or wives who married at early ages 
and those who married later. The average nuinhcr of children horn 
in the first eight years of marriage to ofliccrs married between the 
ages of 20 and 24 was 1.67. In the same pcrhid officers married at 
ages 30 to 34 had 1.62 children. Wives sJiow a slightly greater but 
insignificant difference. The avciap:c number of children born in 
the first eight years of marriage to wives married between the ages 
of 17 and 19 was 1.75, The corresponding figure for wives married 
between the ages of 25 and 29 is 1,54, Although age at marriage is 
thus seen to have little influence in this group the length of the 
marriage is a very important factor, For certain of the investigations 
made the number of children born during the first eight years of 
marriage was used. This seemed to be a very satisfactory index for 
this group since the product-moment correlation coefficient hetween 
this number and the number of children ever born to those 55 wives 
in the group who were over 40 years of age was found to be .93, It 
appears likely that this coefficient would not he so high for more 
heterogeneous groups. A similar correlation cocflicicnt computed 
for the 148 sisters of the officers and wives was foiiiul to be .64. A 
part of this discrepancy is probably due to actual differences in the 
groups, but it also seems likely that it may be attributed partially to 
tlie group's lack of accurate knowledge of the marriage dates and 
ages of the children of their sisters. 

However the imposition of even such a restriction as eight years of 
marriage did not appear desirable for the purposes of this study and 
tlicrefore some other means of predicting size of completed family 
were sought. The estimate adopted for the main portion of this 
analysis was a report of the number of children already born plus 
the number of additional children expected, Although such an in<lcx 
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introduces a subjective element and a factor of uncertainty into the 
analyses, it seemed clefimtely the most satisfactory for this study. 

Tile fact tliat the aveva^re of the figures reported as number of 
cliildren planned (1.95) is fairly similar to the number of cliildren 
born to those officers and wives whose families can be considered 
completed lends some support to the selection of these values. In 
general this evidence indicates that the values are probably a little 
liigh since unforeseen circumstances will prevent some families from 
having as many children as they plan. It would appear tliat in a fe^v 
eases more children will be born than are planned but the replies to 
the questionnaire indicate that the younger members of this grnuji 
are able to control the size of their families quite effectively, 

Of the 238 couples in this study for which complete data for both 
husband and wife were available and not including eases involving 
remarriage or sterility, 202 hiisbatids and wiv^cs agreed and 36 dis- 
agreed in their estimates of completed family size. In 20 eases tlie 
officer estimated that he would have one more child than his wife 
expected and in one case an officer estimated he would liavc two more 
children than liis wife expected. In 13 eases the wife estimated tliat 
slie would liave one more child than anticipated the luishand 
and in two cases the wife expected to have two more chihlren than 
estimated by the ofTicer. 

In the analyses which follow comparisons will be made of those 
planning none or one child who will be called the non-prolific group, 
with those planning three or more children who will be referred to 
as the prolific group. 

] l . Physical Factors Influencing Family Size 

In this section certain fundamental factors such as sterilitVf 
birth control, and postponement of marriage will he discussed. Iji this 
sample there were 105 officers and 82 wives who have liad no children 
and arc not expecting one at present. Of these only 27 officers and 13 
wives report that they do not want any children. In many eases 
these couples have not been married long and 47 of the officer s and 
38 of tlie wives report that they li.ave made no effcji t lo liavc cliildren. 
However 52 of the officers and 37 of the wives state tiuit their efforts 
to have children have been unsuccessful. Tims about 15 per cent 
of the officers and 13 per cent of tlic wives wlui have tried to liave 
children have been unsucce.ssfiih It is likely t]j;u a number of tliese 
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wili have chiidren Liter and therefore the ])iopf)rtion of invoJiintarily 
sterile iTiarriagcs is probably samcvvbat below these values. 

In 39 cases the officers reported that a physician luul been con- 
sulted, but reports indicate that a ticliiiitc diagnosis was made in 
only about half of the eases. In those eases where a .specific defect 
was reported^ about 80 per cent wcic attributed t<i t)*c In 

this group there did not appear to be any greater percentage of 
sterility for officers luanied at later ages tlian for tliusc married much 
earlier in life. On the other luind 6 of the 17 wives married ut age 
28 or later reported that they had been unable to have clulilrcn. 
Tins proportion is significantly different from the /iguies showing 
19 of the 133 wives who were married at age 27 or earlier reporting 
sterility after at least eight years of iiiarriagc, It was reported in the 
previous section that there is practically no difference in the number 
of cliildren born to officers in this group marrying early as compareil 
with those marrying at a later age, A difference is found in the 
case of the wives, though the number of eases is not sufficiently large 
to provide a satisfactory degree of confidence in its existence in the 
larger group from which this sample was obtained. 

From the evidence obtained in tins study it would therefore appear 
that if the men in a professional group such as this marry relatively 
young wives, their own age at marriage, at least up to ages of around 
35, will not affect the ultimate size of their family, This may be 
explained at least in part by the increasing tendency to coiitrol tlic 
size of family in such groups as this. In this group about 45 per cent 
report making definite plans concerning nuinhcr of children shortly 
after marriage. Although the proportion making definite plans is 
larger in the younger groups, even in this latter group of married 
officers under 30 only 53 per cent report having made definite plans 
shortly after marriage. It appears that size of family is not yet 
generally regarded as something which may be planned in advance. 
That there is reason for this attitude is sliown below. 

'^I'able 8 shows the number of accidental pregnancies (those in 
which conception occurred despite some attempted metlmd of con- 
trol), the number of definitely planned pregnancies, and the nvimber 
whicli were not definitely planned but in wliich no preventive method 
was used. The pregnancies include only those which resulted in a 
normal birth and arc classified according to the birth order of the 
child. 

Although a significant difference docs not exist between the pro- 
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TABLE S 

Tiiii Classification of Precnamcip-s Arranged by Birth Order According 
TO THE Extent to Which They Were Definitely Planned 
AS Reported dy Officers and Wives 



Frcgiinacy 

nccidciilal 

0 W 

Pregnancy 
not definitely 
planned 

O W 

Pregnancy 

definitely 

planned 

O W 

Item 
omitted 
O W 

1st Child 

5S 

59 

lU 

78 

HI 

100 

4 

1 

2nd Child 

39 

37 

51 

35 

54 

52 

3 

2 

3rd Cliild 

U 

17 

18 

9 

12 

14 

0 

1 

4tli Child 

9 

7 

6 

5 

2 

1 

1 

0 

5tli Child 

1 

0 

3 

2 

2 

1 

0 

0 

Cth Child 

Z 

1 

1 

0 

0 

0 

0 

0 

Totnls 

122 

121 

193 

129 

181 

168 

8 

4 

l^cr Cent (of 
those responding) 

25 

29 

39 

3i 

36 

40 

^ _ 


portions of accidental pregnancies in the first and second born 
children, the proportion of accidents tends to become significantly 
larger for tlie later born children, A very significant finding which 
provides a partial explanation of this trend is that the oflicers over 40 
years of age whose families are more frequently completed and who 
are responsible for many of the larger families report that only 20 
per cent of their second born were planned, whereas the group of 
officers under 40 reported that 49 per cent of their second born 
were definitely planned. About 92 per cent of the grou{3, excluding 
those vcpovtcd as sterile, indicate that they have made use of some 
mctliod of birth control. That these methods arc not entirely effective 
for these individuals is indicated by the fact that even in the younger 
group 24 per cent of the pregnancies have been accidental, that is, 
they liave occurred despite some attempted method of control. 

In addition to collecting information on the negative side of birth 
planning, data were collected on the positive side which appears to 
have been even more completely neglected by previous studies. The 
question was ashed, the pre{/naucy zvas definitely planned, how 
wa?iy 7 }iO}iths after yon stopped taking precaiitious did conception 
occur? The median value of the responses given hy the officers was 
2.0 months. The coi responding value reported by tlie wives was 
2.4 months. These data lend no support lo tlic opinion voiced by 
some that tlie declining birth rate in this country is evidence of a 
general loss of virility due to the decadence of our national slock. 
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In concliuling the discussion of the effect of these pliyMc.il fiictnis 
on family size, two general implications appear tfi deserve special 
importance in influencing family size and that hath more extensive 
and intensive studies arc needed of wliat might lie called ‘'teinporarN ” 
and "permanent” sterility. More accurate itifnrniafioii coiicenirng 
tile effect of wife's mania gc age is especially necdeil. Second » a inoie 
intensive study of the changes in psychological aliiliide'i accompany- 
ing tlie current trend towards a smaller proportion of "accidental” 
as compared with "definitely planned" pregnancies shotdd Im nuide. 
It would be particularly valuable to know whether increased coni ml 
would lead to an increased amount of definite planning of faniily 
size prior to or shortly after marriage. For example, it might he 
that the lack of complete effectiveness of earlier mctlinds of hiitli con- 
trol tended to produce an attitude that the parents were likely to 
have a larger number of children than they wished in spile of their 
best efforts to the contrary and therefore that they sliiuild try tti 
have as few ns possible, The cvidcfice obtained from Question 21 
in Section K docs not seem to point to any large effect on planned 
size as a result of an increased effectiveness of birth control methods. 

C. Tin; iNFLUiiNCiv or run Wirii's Mkalth and Ui i.m ij) 
Factors on Faxuly Si/.k 

Several types of information were obtained concerning the innucncc 
on family size of the wife's health and various circumstances affecting 
the wife's health. In Section 7i of the Famil}’ Repcji t Fntiii 29 [?cr 
cent of the officers and 26 per cent of the wives rcpin i that they wouhl 
plan to have a larger family if "Painless and safe childbirth were 
assured by advances in medical science," In response to amitlier 
question in this section 69 per cent of the officers and 46 per cent 
of the wives report that tlicy would plan to liavc a sniallev faniily 
if “The wife could have children only by caesaiirm (jpeiation," It 
is apparent that the husband's concern for his wife’s health is a definite 
factor in determining family size. Further evidence on this {mint is 
provided in Section F. More than a quarter of the officers stale that 
consideration for the wife's health lias been one of the factors |)re- 
venting them from planning additional children, 

Altiioiiffh these data suggest tJwt the Jiusba/Kl’s concern for the 
wife's hcnltli is greater than her own, the wife's (wn fear ul child 
birth cannot be regarded as a negligible factor. [ore than 10 pn 
cent of the wives wlio have not liad children and are not now evpm- 
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iiifi; *^ 3 ' report that tliey liaise been afraid of cluItJhirth. In tiie 
iz:inup wlu) have had clii[c(rcii, 8 per cent report "'much'' (car of 
childbirth before the birth of the jirst child, 22 per cent report “some’' 
feaij 64 per cejit report “little/’ and 7 per cent rcjiort “none,” The 
Iiroportions in the various cate^^()^^cs are vciy similar for later births. 
There appears to be verj'^ little difference between die groups plan- 
ninp; small families and those plaiininti lai^c families with respect to 
tlicir reports of the rvife’s fear of childhirtli before the biitli of tile 
first child. Tlie rsdves reported that of tlie recoveries from 402 
births, 55 or about 14 per cent could not be considered normal recov- 
eries. These included sjiecific injuries sustained during childbirth, 
necessary operations following childbirth, and various complicating 
illnesses, 

It should not he supposed, imwcvcv, that this group regards tlic 
having of cliildren as entirely jwgativc in its effect on t!)e wife’s 
health. For 13 ^- three per cent of the officers and 44 per cent of the 
wives report that the improvement of the phi^sical and mental health 
of tlic mother is of “some,” “much," or “great” importance as a 
reason for having cluldrcn. 

It is clear that the luisbaiurs consideration for the wife's health 
and the wife's fear of childbirlli both iiavc a definite effect on size 
of family. This effect is probably not a very large source of devia- 
tion from “ideal " siy.c but it canjjot he ignored in any analysis of tJ]c 
factors involved. 

D. Tiik iNPLUi'NCJi ON Srzji OF Family of Various Factors 
RI'T.ated to J'Iarital Status 

It was pointed out in an earlier cl^apter that almost all of tlie 
officers in the Army Air Corps marry. TIic percentage seems to be 
distinctly higher than that for the general population. There were 

38 single officers included in the sample obtained for this study. 

All but se 3 Tn of these expect to manj^ sometime. T)ie principal 
reasons gi^Tn for not being married are that they have not found 
the right person and that they have had unusual financial obliga- 

tioji.s. TlJcse officers l)opc to marry “good licaltlt,” “good disposi- 

tion,'' and “brains.'* Tliey report that “be^lut3^'’ “lllonc3^” and 
“social prestige” arc of much less importance to them and they 
rank “good homemaker” in an intermediate position probably be- 
cause of Its gcjirralily. 

The officers who arc nmrrrcd indicate that the number of cliihlrcn 
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they expect to have is detci mined in pai’t hy the characteristics of 
their wives. Twenty-one per cent of the officers report that they 
would have a larp;cr family if the person they ninrried had excep- 
tional ability to manage children well and to guide their personality 
development. 

One of the reasons fur having chiUlrcn rated as of most import- 
ance by both officers and wives is married to a firrson who 

children'^ Eighty- three per cent of the ofliccis and 90 per 
cent of the wives consider this reason to be of "some/* "much,” or 
“great” importance to them. Similarly 51 per cent of the officers 
and 47 per cent of the wives report that they would increase the 
number of child ren they expect to have if the person they married 
wanted a large family. Conversely, 68 per cent of the officers and 65 
per cent of the wives would decrease the nmnbcr of cliildren they 
expect to have if the pcrsoji they married did not ivaiit cliildrcn. 

Another factor which seems to be important is the Iiappincss of 
the marriage. Sixty-four per cent of the ofRcers and 60 per cent of 
the wives indicate that the iiuinbcr of children they expect to have 
would be reduced if married life was less happy than anticipated. 
There is practically no difference in the reported marital happiness 
of those planning large families as contrasted with those planning 
small families. However, marital unhappiness is reported hy a small 
number of officers and wives ns the reason for having jio cl)ilflrcn 
or planning no more children. Furthermore, more than 93 per cent 
of the officers and 96 per cent of the wives report their marriages as 
"happy,” "very happy,” or "extremely happy,” Officers and wives 
in the marriages not classified in one of these "happy * categories arc 
expecting to have less children than the others but the number of 
eases is too small for the result to be statistically significant. 

This group appears to be much more liappily married than people 
in gejierah Forty per cent of the officers and 53 per cent of I lie 
wives report their marriages as extremely happy. There arc juohably 
many factors contributing to this such as the satisfaction of this 
group with tlieir work, the regular employment and salar)', and the 
general good health of at least the husbands in the group. A factor 
associated with marital happiness which lias not received' the atten- 
tion in recent studies of this topic which it would seem to merit is 
the health of the wife. Of 48 wives wlio reported that tiiey were 
never sick and in the best of health, not a single liusb.aiul reported 
his marital happiness as below the classification "liappy” and .ilmiist 
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twO'tliirtlb' of thcsse liusbands said that their marriages were ‘^ex- 
tremely happy," Of 107 wives who reported that they were only 
occasionally ill, in good health, no husbands reported the marriages 
as '‘unliappy” and only six reported tiicir marriages in the middle 
category of "neither happy nor unhappy." The largest group of 
these husbands reported their marriages as 'h^cry happy." Of 68 
wives who clescrihecl their Jicalth ns "about average health" or "fre- 
quently ill, below average health," four liusbands reported tliclr 
inaniages as "unhappy." It would seem likely tlint hi a group in 
whicli die couples were less uniformly happy the use of more accu- 
rate measures of health and marital happiness would reveal an even 
larger degree of rclationsliip. 

It may be concluded from the discussion of this section that one 
of die most important factors in causing deviations in family size 
from the number the individual considers "ideal" is the character- 
istics, attituflcs, and general compatibility of the person this indi- 
vidual marries. 

E. GENiiKAL Social Factors Influencing Size of Family 

It was mentioned in the previous cliaptcr tliat social background 
is important in the formation of tlic individuars concept of "ideal 
family size." In this section die effect of various social customs, socifd 
pressure, and social conditions will be discussed. Tiic bearing and 
rearing of children has Jong been regarded as a fundamental obliga- 
tion of women who marry. Although it appears likely from our data 
tliat most women have children because tliey wish them, there appear 
to be a minority who have them because they feel obligated to or 
because they wish to conform to die current customs. Considerable 
social pressure appears to be exerted in some cases on individuals 
wlio would prefer to avoid the responsibilities of parcntliood. 

An important finding which appears to be associated with this 
factor i5 the relation between the relative socio-economic background 
and status of the husband and wife. By combining the individual's 
ratings of cultural and economic status of tJie parents' liome with 
reports of the extent of the individuars own education and that 
of his parents, an index of socio-economic background was obtained. 
In most of the general unsciceted groups which have been studied 
in previous investigations those persons coming from the higlicr Socio- 
economic levels have had smaller families on the average than those 
from the lower levels. However in this group there was a slight 
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tendency for the avcriige estimated size of completed fjiinily to be 
iargei- for the officers with liigh socio-economic indexes thjin for tJiose 
with low indexes. On the other hand the wives with hi^h socio- 
cconoiiiic indexes had an avciafrc estimated si/.c of cojnplctccl family 
lower tliaii those with low socio-economic indexes, 'rhese liiulin;rs 
will be discussed more fully in the next section. 

The finding which is important to the discussion of tlu^ section is 
that wives married to officers whose social backgrounds as evidenced 
by this index are higher than those of the wives plan to liavc more 
children than wives married to officers whose social backgrounds 
arc inferior to their own. This relationship while not large is suffi- 
ciently great to pass the usual tests for significance. 

Evidence of a similar nature was obtained by studying the relation 
of outside income to estimated size of completed family, Wives with 
substantial outside incomes married to ofliccrs without appreciable 
outside income expected to have less cirildren than the (jiher wives. 
On the otiicr hand wives with or without outside incojiic juarried 
to ofTiccrs with substantial outside incomes expected to Inivc signifi- 
cantly more children than did other wives. 

These findings support the hypothesis that women have cliildren 
partly because of a feeling of obligathni to their husbands, and when 
that feeling of obligation is diminished by outside circumstances tlic 
number of children planned by them is reduced. 

Social activities in the Air Corps arc relatively extcjisivc, 'rhis 
may have some effect on size of family, hut judging from the reports 
of the officers and wives this effect is small. Only 9 in*r cent of tlic 
officers and 8 per cent of the wives indicate that cutting tlic social 
activities of the Air Corps in half would cause them to increase the 
planned size of their families, 

Indirect evidence concerning the factor of interference with social 
activities is provided by the reports concerning how nuicli the wife 
worried about losing her figure after the birth of the first clu'Id, 
Twenty-eight per cent of the wives report “much’' or “some” 
worry, while 40 per cent of the husbands report that tlieir wives 
worried “much” or “some.” 

While pregnancy and the normal pliysical incapacity associated 
with childbirth appear to be of some iniportancc, the caic of the child 
after birth appears to be a more significant factor in infliicncing 
family size. The reports of the officers and their wives concerning 
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the way m which the care of their first child influenced their activi- 
ties are {^ivcn in Tables 9 and 10. 


TAlJLTi: 9 

REsaoNSUS OF Officers WiVKs to tuk UuKSTirjN t!n>icrHNiNf; lloiv tju: 
Cake of Tiikir First Ciiii.o iNi’i-uuMCiin tuk Uushand's Acrivrni'S 



OlliccrN own 
report 

wife's report 
regarding ollie 

Made no di^Fel'e»ce 

41 

90 

Stayed nt liome more 

99 

SO 

Had to curtail social acliviUcs 

2J 

11 

Ilnd 10 rclnulget expenses 

14 

22 

Stayed at hame more and had to cnitail 
social nciiviiies 

14 

6 

Stayed at home more and had Lo relnid^ct 
expenses 

23 

9 

Curtailed social activities and 
icluidgctccl expenses 

11 

13 

Stayed at home more, curtailed social 
activities and rehudgeted expenses 

39 

13 


TAIJLK 10 

Rrsponsrs or Offickrs and Wives to Tin: Question t'ONci'UNiKfi How tuu 
Cark nr Their First Cinr<D Influenced the Wirii’s Activitihs 



Wife's own 

Odiccr's report 


report 

regarding wdfc 

Made very liulc dilFercncc 

no 

10+ 

Ilyimpcrcd social activities 

Altered circle of friends 


132 

r> 

11 

Stayed home more 

Hampered social activities and altered 

-1 

5 

circle of friends 

12 

7 


Forty-four per cent of the wives report that the cave of the first 
child made no difference in the husband's activities, and 50 per cent 
of tbc wives report that it made very little diJfcrcjicc in their own 
activities. Only 16 per cent of the ofliccis report tlut it made no 
difference in their own activities, and 40 per cent of them indicate 
that ii made very little difference in the activities of their wives. 
Tlic most frequently reported effects were tliat they stayed at Jioino 
more and that their social activities were li am pc red. 

One further bit of evidence on this point is obtained from tl\c res- 
ponses to one of the questions concerning the reason for a delay ii'i 
having the first child. Almost 60 per cent reported that one of tlie 
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reasons for this interval was the desire for a period of freedom from 
the responsibility of children. 

The second most frequent reason for limitation of family size in 
this group is the moving and living conditions associated witli life 
in the Air Corps, 

In summarizing this section it may he said that social liackground 
and customs and social conditions in the Air Corps un douhtecJl.v cause 
deviations from *'ideal family size*' in this group. As wiis previously 
noted the social group also is import.int in dctcriniziing tin's ‘'ideal 
size/* Although it is difficult to separate such indirect influence from 
the more direct effect related to speci/ic social conditions, tJierc can 
be no doubt that this latter factor docs produce significant deviations 
from the size of family regarded as ^'idcal*' by the individunl, 

F. The Influence of Economic Factors on Famii.y Size 

The factor which dominates a large part of the discussion of tliis 
group concerning family size and especially planned deviations from 
the size considered “idcar* is tlic financial one. In this group it is 
the more remote financial obligations which seem to cause tlic great- 
est concern. Education and insurance seem to be the factors which 
this group believe arc the most important obstacles to having the 
somewhat larger families which most of them indicate they would 
prefer. In Section £ 55 per cent of the officers and 49 per cent of 
the wives report that they would have increased the number of cliil- 
dren planned if all the educational expenses of their children were 
provided for by a fund set aside by a ^'rfeh uncle.*' Similarly 53 per 
cent of the officers and 44 per cent of the wives report a planned 
increase would have resulted if a monthly income of $100 for the 
wife and $50 per month for each child to the age of 21 were provided 
by the government in case of the death of an officer. 

This group reports that increased salary as well as specific bene- 
fits would result In increases in planned size of familj^ Forty per 
cent of both the officers and the wives report that if army pay sclied- 
ules provided a 10 per cent increase in base pay at the birth of cacli 
child they would plan a larger family. About the same proportion, 
40 per cent of the officers and 36 per cent of tlic wives, indicate that 
the increase of all pay schedules in the Air Corps by $50 a month 
would have a similar effect. That immediate expenses do not nj'ipcar 
quite so important is shown by the fact that a somewhat smaller 
propoi tioHj 29 per cent of both officers and wives, indicate that they 
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would liavc plnnncd a latgcr family had $1000 bccji providttl at the 
birth of each child by a fund set up by a "rich uncle.*’ That the 
time of having these children did not seem very important to tlic 
group is indicated by the fact that only H per cent of the officers 
and 14 per cent of the wives indicated that nil increase in planned 
family size would result from moving the first substantial increase in 
pay up one year earlier. 

Evidence of the importance of the financial factor is also provided 
by the responses to a question involving a very drastic reduction in 
their effective incomes. Sixty per cent of the officers and 48 per cent 
of the wives report that if the purchasing power of tlie dollar were 
reduced to 30 cents they would decrease the planned size of their 
family. 

It is interesting to note that in Section Fj when questioned con- 
cerning the reasons for delay in having child ron, about one in three 
of both officers and wives reported that lack of money for the imme- 
diate expenses of having a child was a factor, and about one in four 
reported that uncertainty of ability to meet the necessary later ex- 
penses was a factor. However, in this same section about 60 per 
cent of each group report that their desire for ii period of freedom 
from the responsibility of children was a definite factor, From this 
it appears reasonable to conclude that although financial factors 
are important in causing young couples to delay in having children, 
it is unlikely that this Is the most important factor. This appears to 
he a significant finding foi those interested in population problems. 

Altliough vve may conclude that the financial factor Ls probably not 
the primary factor in causing delay in having children, other res- 
ponses in this section and in Section // indiciate very clearly that 
this group regard it as by far the most important reason for not plan- 
ning more children than they liave, As mentioned in previous 
sections, other factors do operate in quite a number of individual 
cases but the p ro port ion. s reported for such reasons are all small as 
compared with tlic various financial reasons wliich are given by more 
than half of tlic oflicers and wives. 

In most of the reports given in the preceding paragraplis it will 
be noted tliat the office rs tend to attach more importance to financial 
considerations than do tlwir wives, This is probably to be expected 
since the financial rcsponsihilitics usually arc the primary concern 
of the husband ratlicr than the wife. 

In Chapter II certain data were given concerning the rank and 
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salary of tin's f^roup. Some of the individuals in the ^roup had out- 
side incomes which supplemented these salaries. A comparison of 
the total family incomes of the officers and wives with those of their 
brothers and sisters is Kivcn in Table 11. The values reported by 
the Air Corps I'roup arc very substantially i:^rcatcr than those vvhicli 
they report for their brothers and sisters, Althou^^Ii it should he 
remembered that the officers ordinarily have certain special ohli [Ra- 
tions such ns additional insurance premium^ their total aiuuial family 
incomes appear to he relatively 

Because of the findinf^s reported in previous studies showinjr that 
individuals in the higher occupational and income groups tend to have 
less children than those in the lower levels, an analysis was made 
by occupational status of the brothers and sisters of tlie officers 
in tins group. It was thought that an analysis of differences in birth 
rates by occupational levels WMthin a group as liomogcncovis as tliis 
witli respect to family and social background would be valuable. Tlic 
results arc sliown in Table 12. When classified liy occupational 

7‘AHLP: 12 

Till' NiiMiuni or Cnn.DUBN Houn Inuring rnii Fmsr IHioirr Ykahs or MxXKriaof. 

TO Tiiii Famiufs or tue liaoTiiuKS asd Sisters or the Oiticers 
Fh.mno in tiir Favui.y Hui’ort Form 

Cliiklren liorn in firsi eiglii 
years of innrrinp;c 



0 

1 

2 

3 

4 

5 

Total 

Mean 

Professional 

26 

33 

30 

10 

1 

0 

100 

1.27 

Propriclora, mnnngcis and 
ofllcials 

19 

3« 

29 

12 

2 

0 

100 

1.40 

Farmers 

4 

13 

9 

2 

1 

0 

29 

1.41 

Clerks and kindred workers 

23 

30 

19 

3 

1 

1 

77 

1.12 

Skilled workers and foremen 

9 

9 

7 

4 

fl 

0 

29 

1.21 

Semhskiikd workers 

3 

5 

6 

0 

0 

C) 

14 

1.21 

Unskilled laborers 

1 

2 

2 

0 

0 

0 

5 

1.20 


status of the husband no large differences arc found. The average 
number of children born during the first eight years of marriage to 
the families of the brothers and sisters of the officers in which the 
occupation of the husband is reported as clerical is 1.12. This group 
has tl\c lowest values. The similar groups classified as having man- 
agerial I’losi lions anil as fanners provide the highest values. It is 
apparent that the trend usually found between occupational status 
and birth rate is conspicuously absent in this group. Similarly no 
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trend was revealed when the same type of comparison was made with 
respect to income. 

A similar andj^sis of the figures reported for the brothers and 
sisters ot the officers wives tailed to provide auy defuute indicatiou 
□f a trend. However, it was found that iji tliis fftoup the small 
number of farmers and the few individuals included in tlie emup 
below the level of skilled workers Jmf more children than did the 
families in which the husbands arc classified in other occupational 
groups. 

All groups combined for the siblings of the officers had an average 
value of 1.23 children during the first eight years of minviagc; the 
average value for the wives* siblings is 1.41 children. These com- 
pare with the average values for these officers and tlicir wives of 
1,31 Sind 1>36 respectively. 

Certainly these data indicate that the financial factor may hardly 
be regarded as a simpfe one. The incomes in this group arc relatively 
high and yet they ijuHcatc that the greatest obstacle to increased 
family size is lack of money. The answer must he souglit in terjns 
of what this group consider their financial needs to be. Certainly 
most of them could maintain a standard of living far above that ^vhich 
they experienced in their parents* homes and still liavc plenty of 
money to raise several children. It is apparent that they feel that a 
standard of living far above that is of more impcirtaficc to them 
than a large family. To analyze what this standard of living com- 
prises, the proportions of family income spent for various items as 
reported by the officers arc given in Table 13. 

From an inspection of this table it is seen that the three large 
items, c/icl? of which accounts for approximately ]5 per cent of the 


TABLE 13 

The Mean Values of the Percentages of the Total Annual Family 
Income Spent for Various Items as Reported nv rnr. Oiticers 


Rent 

1S.9 

Recreation 

4.0 

Food 

15.7 

Hobbies 

1.4 

ClotluTig and Us upkeep 

9.0 

Insiirnnce nnd other savings 


Household furnishings, etc. 

■IvV 

ov investments 


Sociiii nctlyitics 

5.2 

Payment on cicbis 

3.1 

Rdncation (books, inTignxincs, 


Travel (and car, excluding; 


etc. 

2.3 

oHicial) 

8.0 

Chiirity iind churcli 

1.1 

Coruribiiiioiis for support of 


Medical care 

1,2 

dependenis other than wife 


Maid service 


and children 

3.2 



Misccllnncoiis 

5.Q 
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tQtnl expenditures are rent, food, Insurance, and other savings and 
investments. In this group as in other professional groups the pro- 
portion of the total income spent on ‘hicccssitics” is very much 
smaller than in the lower income groups. 

To study tile effect of the linancial factor on limitation of family 
size, the individuals were asked to indicate the changes in the amounts 
being spent on the various family budget items wliicli would be 
made if one child were added to the present family. These values 
are reported in Table 14. 

TABLE 14 

EaxiMATKa OF 166 Officurs and 117 Wives ok Effect on Family Expendi- 
tures FOR Various Items of the Addition of one Child to the Family 

Item Mean of ofliccrs' Mean of wives' 

cMimnlciI changes estimated changca 


Food 

$122 

$121 

Clotliing and its upkeep 

76 

79 

Household furnishings, etc. 

14 

13 

Social activities 

—34 

—25 

Educational 

33 

22 

Clinrity and church 

0 

0 

Metlicfil care 

50 

55 

Mnld service 

71 

56 

Recreation 

—23 

—15 

Hobbies 

—8 

—7 

Insurance and other savings 

30 


PayiTicnt on debts 

—13 

—10 

Travel (and car) 

Contributions for support of depciulcnts 
other than wife and children 

—29 

—26 

— U 

—7 

Miscellaneous 

—8 

7 


Since living quarters arc ordinarily furnished to officers and their 
families, this item was not included. The items for which both officers 
and wives reported the largest increases were food, clothing, medical 
cave, and maid service. The decreases indicated were not as large as 
the increases. The largest decreases Averc for social activities, travel, 
and recreation. These increases do not, of course, reflect the true 
cost of tlic cluld because within some of the categories part of the new 
child's portion would be taken from the amounts previously spent 
for these Items by other members of the family, Furthermore they 
seem to indicate tlic more immediate changes in expense to a greater 
extent than those which arc more remote such as education. 

These considerations indicate that the total cost to these families 
of raising an additional child Avoiild be, on the average, at least 
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$17,500, Estimates of the way in wliicli tliis aiiujuiit iiii|F|it he spent 
arc shown in Tahlc 15. Tlic.se estimates are proliahlv very coiiserva- 

■['Am.K 15 

Estimatki) Minimum Costs to Air t'oRes tlruviTts’ K.\ Mints oi U.mmnc; 
An Aiuutiiinai. nni.r> 


Food 

per uriiHun 


Clothing 

per niiiiiun 

Kin.iio 

HowsehoUl fvirftlshitiRs 

per aumiin 

as .(Ml 

Ediicdtion, excluding college 

per aiUluiM 

Sfl.oo 

Medical care 

piT niUMiiii 

in.oo 

Maid service 

per an mi 111 

loil.llll 

Insurance 

per uiiiuini 

2nrj,(i(j 

Miscellaneous 

per aiiiiiim 

(<S.(III 


Yvn'Af- per aofKi/n 

7SIKW 

TOT’U, fur IS'vear iJerhid 

ij.sim.im 


Ccdk'gc K<liiean’nri 



r.RANH lor.u. 

17,51)11.(111 


tivc and it niiglil: be more proper t<> re[^ar(l ihem as “Ikuc miiiinmiMs" 
tlmn average values. 

This group like most other profes!^ ional groups eao he consitlcied 
((s Uicly 5rc}J-p«id. Cert^faJ]' their sjihir/es arc ai^hfiUaxCuiUy {treater 
than those of their parents and brothers and sUtei's* Yet they eorv 
sistentjy report that the most important reason inr family liniitatioji 
is lack of money either immediate or anticipated. It appears that 
they consider a high standard of living essential. It may well he 
asked whether the financial reason as reported really exerts any 
influence or is just a plnusihlc statement which has hecn a<lnpu*d 
by many of the group. Certain direct evidence has been obtained on 
this point. 

In Table 16 an analysis of the births in tin’s group is presented in 
terms of the year of service in wliicli they occurred. The salary 
schedules of the United Stares Army call for an i/icii'ase in pav 
every three years after the acceptance of a coin mission in tlic regular 
army. In Section F of the Family Kcpnit Vmn^ the nflicers Were 
asked whether each pregnancy was intentional or nov. 

Inspection of this table reveals that most coi^ccplions occur slim ilv 
after the officer has received an increase in pay, and fewest in ilie 
year preceding the next increase. "I'liis lindirig is very prnnouncctl 
except in the case of the first, second, :uu( third yoais of service, A 
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different relationship during this peiiiid is to he expected since 
officers ale in nlmost sill cases single at the time they receive their 
commissions, It is interesting to note that if the first three years are 
disregarded a similar tendency is ohserved in both the grouj) nf 
pregnancies ^‘not definitely planned” and the “ncculcnts.” It would 
seem therefore that “accidents” arc not purely chance happenings 
but arc more likely to occur wlicii tlic /innneial ciicijjiii»tancc.s of tijc 
family are relatively favorable. 

Other evidence that the financial factor actually operates is ob- 
tained by comparing the size of the families of those officers with out- 
side incomes with thnse of officers lacking such incomes. Officers with 
outside incomes plan significantly larger families than oflicers who do 
not have such an additional source of financial assistance. A possible 
explanation of the finding that wives who have an independent income 
but irbose husbands have no outside income plan fewer cliildrcn tJinn 
the other wives of the group was suggested in the previous section, 
Wlien both officers and wife have outside incomes the planned family 
size is also larger than in families having no such outside Income. 

The final evidence that the financial factor is an impoitant one 
is provided by the data presented in the first chapter of this report. 
In that discussion it was reported that a significant increase in the 
number of fourth and later born children resulted from the offering 
of educational scholarships to such children of U. S, Army Air Corps 
Officers. The plan originally proposed was a combinati<ui of in- 
surance to cover child care with aid for educational expenses. Such 
a combinution might have been even more effective had it been pos- 
sible to offer it, Unfortunately the international situation In 1939 
prevented the insurance companies from making conimitincfUs to u'ritc 
such policies as far as a year in advance of the date that the offer had 
to be anaoiinced. 

It must be clear from the foregoing discussion that the fin.nncinl 
factor is one of definite importance and actually operates in the de- 
termination of famil 5 ^ siicc in a group in which family limitalion is 
generally practiced. Evidence to the contrary which has been fre- 
quently reported showing smaller birth rates in the higher income 
groups, ap^pcars to he derived from studies on popu la lions in wJuVh 
part practiced birth control and part did not, 

G. The Influence of Unceutainty of tup. Future ok 
Family Sizi? 

Tlie final factor which will be discussed is closely related to the 
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financial factor in many respects. This is the influence of uncertainty 
of the future. In nddition to the Rcucral factors of uncertainty 
ivlncli confront most people, this /^roiip Jias the arJditiofial iactor of 
the hazards of military flyinj^. Evidence of the effect of tills factor 
vs provided by the responses to two items in Section E. If accidents 
in the Anny Air Corps were no more numerous than those of civil 
life, 26 per cent of the officers and 30 per cent of the wives report 
that they would plan lurRcr families. On the other hand 47 per 
cent of the officers and 44 per cent of the wives indicate tliat if 
ffyinK hazards in the Army Air Corps were doubled by more complex 
equipment they would reduce the planned size of their family, 

In Section C the officers report the values of their estates in the 
event of avintion accident. The median value is just a little below 
$25,000, This is mainly in the form of insurance benefits. Tlie 
officers may tafcc out a $10,000 policy of government War Risk 
Insurance at the time they arc com missioned. For this insurance, 
rates arc quite reasonable. On all additional insurance, however, 
the officer is required to pay an extra premium for aviation risk 
a[nount!ng to about $10 per year per choiisand dollars ^vorth of 
insurance. 

These officers receive 50 per cent additional base pay when ordered 
on (lying status providing they fly a certain [uinimum amount, Most 
Air Corps Officers qualify for this additional pay. Altliougli this 
extra flying pay enables them to obtain additional insurance, no amount 
of insurance can adequately compensate for the loss of t/ic head of 
the famil 3 ^ 

Certain evidence on the innueiice of flying hazard on size of family 
is provided by coinparing the hiith rates in other branches of the 
United States Army with those in the Air Corps- Data for such 
a comparison is given in certain unpublished tables supplied by the 
War Department. The data from two surveys, one for 1928 and 
the other for 1933 arc reported in Table 17, classified according to 
three pay period groups- 

Although the samples from the Air Corps arc too small to provide 
a precise comparison of tlic two groups, no very marlced differences 
in children per officer arc evident. This is of considerable interest 
since the social hackgrouiids, general living conditions, and occupa- 
tions of the two groups arc very similar. There are two conspicuous 
differences in the groups. First, the factor of ffyiJig hazard operates 
in tJlc Air Corps group and lias no very direct counterpart in the 
other branches; and second, the Air Corps group receives an amount 
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ccninl to 50 per cent of their base pay for flying duty. It is in^ 
tercstriijr to observe that there appears to be some tendency for the 
effects of these two factors t(j counteract each other in the Air Corps 

It is possible that the fact that the Air Corps officers liavc almost 
ns jiiniM' chi! il ren ns the officers in other brancJies of the service is the 
result of a generally optimistic point of view concerning the future 
in general anti their own personal wellavc in partietdar. Evidence 
favoring this interpretation is found in their responses to the items 
on a scale of optimism-pessimism. The Air Corps officers appear 
to he de/initely optimistic and tlierc is a tendency for tlie most 
optimistic of them to plan sligiuly larger families tium the others. 




V. SUMMARY AND CONCLUSIONS 

Tliis study represents a soincwhat different approach to tlie 
problem of analyzing the factors dctcriTiining family size tliati that 
represented by previous studies. Instead of studying the birthrates 
in a few large social, ccononaic, or geographical groups, over two 
thousand separate items of informatioj) were obtained concerning a 
relatively small and boniogencous professional group consisting of 
about 400 families. This study differs not only in the amount but 
also in the type of information obtained from each family. Most 
previous studies have been con/ined to the collection, tabulation, and 
analysis of objective data such as age, race, education, religion, oc- 
cupation, income, size of community, and age of marriage. The 
present investigation, in addition to such factors, includes majiy 
subjective and psychological factors such as attitudes, interests, 
preferences, and values* 

The procedure selected for obtaining the data In this study was a 
modified questionnaire procedure in winch the general aims and 
methods of the study were explained to the mcOj either in gl•oup^s or 
individually, and they were then given two sets of forms, one set to 
be filled in by themselves and one by their wives. Tlic forms were 
prepared by a committee and tried out with two or three groups and 
carefully revised before being used in this study. 

The group from whom the data reported in this study was gathered 
consisted of a sample of 427 officers in the United States Anny Air 
Corps and 320 of their wives. The data was obtained by a flight sur* 
gcon on leave from the United States Anny Medical Corps wlio vis- 
ited most of the large Air Corps fields in tlic country. A very large 
proportion of those to whom the probletn was presented filled out tlie 
forms even though this usually required more than three hours. Prob- 
ably the factors of most importance in gaining the cooperation of the 
group were the intrinsic interest of the problem, t))c precautions to 
ensure anon5TOity, the offer of a report on the personality and interest 
blanks, the official approval which had been given the project, and the 
possibility of obtaining a vocational interest pattern on tlie Strong 
hilerest Bhftk which might be of assistance in tlie selec- 
tion of future officers. 

Tlie sample obtained included almost one-tbird of the regular 
officers in the Air Corps. The sample contained a greater pro]iortlon 
of the j^ounger officers, tliosc with lower ranks, and tliose who are 
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graduates of tile United States Military Ac.idenij' than vvuidd have 
been the ease in a truly representative sample. Ilmvcvcr, it included 
officers from all of the various broad categories of rank, age, and 
family status. It docs not appear that the method of .sampling nr the 
procedures used in collecting the data introiluved a sriinos bias udiicli 
rniglit invalidate the general finding's r>f ihc study. 

It was found that although an unusually large prupm iinn of the 
officers marry, this group was falling far short tif having emmuli 
children to reproduce themselves. 

One of the aims of this study was t<i analy/c the factors involved in 
the formation of a concept of ideal family size. The pvnhlem is 
essentially one of determining lio\v nmiiy cliiUlron an individual would 
have if such limiting factors as health, restriction of activiiics, financial 
resources, characteristics of spouse, and the unccrtauUics nf life were 
made ideal. With such physical aiu) envirniinientnl factors removed 
the problem becomes a purely psychological *uu.* depeiuleiu on pevKon- 
ality traits, interests, attitudes, values, and beliefs. 

Approximately 95 per cent of b<uh rifKcers and wives reported that 
they regarded two, three, or four cliildrcn as tlie ideal imcnher for 
the average American family. The average of the values reported, 
3.24 for both ofliccrs and wives, agrees very well with lliv find fugs 
which have been reported for practically all different types of 
groups. Two findings arc especially important. Kirst, there is very 
little difference between a highly .selected professional group -’Uih as 
this and groups such as those at the other end of the suoio-ceonuink 
scale who arc ^'on relief’ in the average number of cliildren regardeil 
as ideal, Second, there is n marked tendency in this as in other group^ 
for the youngest mdividuals to report as their ideal nviiuher of children 
a smaller value on the average than the remainder i;f the gnujp. ]i 
would be valuable to know whether the individual’s concept of iilcal 
size gets larger as he grows older and more mature or whether we 
may expect the next genciation to grow olcicr with a luarktully differ' 
ent idea of ideal size than has charactei imJ tiler prcM'iit gen<Matioii. 

A summary is given of the extent to which the concept nf ideal 
family size is traceable to each of tluee types of facifus: lirst, ihe 
conditions and crnming of the individual’s immediate family group; 
second, the corresponding aspects of the wuler social group of whicli 
the individual is a part; and thircl, those indiviiliial aiuJ pciMuial 
characteristics which cannot be readily attribiUed to any parlimilai 
environmental influences: 
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(rt) The indmcluars concept of ideal family size is essentially an 
attitude, and like most other attitudes can be expected to have been 
considerably influenced by factors associated with the parent's home 
and family. It would be interesting to compare the ideal number of 
cliildi'cn reported by persons from the same family to determine tJ^c 
proportion of the individual variation in this concept due to factors 
related to tl»c Immc environment. Although data were not available 
to enable an exact determination of the influence of this factor, the 
importance of the factor was definitely established. It was found 
that the chances arc more than two to one that an officer wlio reports 
four or more as the ideal size of family comes from a family of four 
or more children, whereas among officers who report two or less as 
the ideal size the chances arc greater than two to one that the officer 
comes from a family of three or less children, There is a slight 
tendency for the individual’s statement of ideal family size to be 
positively associated witli the individual’s ratings of parent's marital 
happiness and negatively related to ratings of childhood happiness. 
I'hcsc rclationsliips are too small to be sigj>ificant but miglit be 
investigated with a larger group. 

Religion is a factor closely associated with the home which has been 
found related to family size by previous investigators. In this group 
the particular denomination to which the individuals belonged made 
little difference in the reported ideal size of family. On the other 
hand "extent of early religious training" was found to be significantly 
related to Ideal family size for the wives and “church attendance" 
was significantly related to the officer’s report of ideal size of family. 
Scores on the Religious Scale of the All])ort-Vcrnon Study of Values 
wcTc also found to be significantly related to tlie in dividual’s reported 
ideal iiumbcr of children. On the other hand only a small portion of 
the group considered that .an important reason for l].aving diildreii 
was that it was a religious obligation. Although some of them con- 
sidered It important to have children to cany on the fa[nily name and 
social traditions, very few of them attached much importance to carry- 
ing on the family enterprises or professional traditions, 

(b) The second large group of factors which contrihute to the con- 
cept of ideal family size arc the social factors. More than half of the 
group attach much importance to the statement that '"Good stock 
ought io reproduce itself'* as a reason for having children. However, 
very few of them regard a general social obligation for all individuals 
to liave children as of much importance to them. 
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The responses to other questions reveal that the prcdonii/iant reason 
for having children in this group is that it is the natural and expected 
thing. That the wives generally feel some obligation to have children 
for their husbands is shown by the fact that wlicn the financial 
dependence of tlic wife on the husband is decreased Uy virtue of licr 
having greater financial resources than he and a substantial in- 
dependent income, she plans to have less clu'Idren than when her 
fifir'incial dependence is greater. 

(c) A part of the individuars concept of ideal family size appears 
to be due to individual factors which cannot be readily attributed to 
any particular environmental inrtucriccs. Tire /act that some in- 
dividuals enjoy the company of children to a greater extent than others 
appears to be due at least in part to a difference in teinperament. A 
definite relationship was found between the amount of importance 
attached by the officers to enjoying child ten as a reason for having tlicin 
and ideal size of family, 

The attitudes, interests, and beliefs which influence the individual's 
concept of ideal family size seem to be quite specific and not i>ar- 
tlcularly related to other general attitudes anti personality character- 
istics as measured by available tests. The individuars concept of 
ideal fainriy size is largely determined by what the individual has 
heard or been taught. 

It was found that only ;\ rather small proportion of the individuals 
in this group have the number 0 / children which tliey indkatc as 
ideal. "Whereas most of them indicate tliat llicy consider tlircc or 
more children as the ideal number* the majority arc planning two 
children or less themselves, Both officers and wives attribute this 
discrepancy to the general conditio/is associated with life in the Arm)'* 
Air Corps. In certain other groups it should be noted actual size 
of family exceeds ideal size largely because of lack of adequate control 
of family size. 

For the analyses of this study two estimates of size of completec! 
family were used, The first was number of children born in the first 
eight years of marriage which correlated .93 with number of children 
ever born to those wives in tlic group over 40 years of age. The 
second, wliicli was used in most of the analyses including the summary 
analyses reported in Appendix 71, was a report of the lunnhcr of 
children aJread)' born pJus the number of addiilo/ial cliildren expected. 
Those expecting to have none or one child in the completed family 
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arc cjillccl the non-prolific K^^up and those planning three or more 
children are called the prolific group. 

The problem was to study the influence ot various phj^sical and 
environmental factors which cause tile actual sizes of fa?uilics to vary 
from tlmsc reported as ideal. Tlic findings for several tyj)cs of 
factors arc summarized below : 

(rt) Physical factors have considerable direct importance in in- 
fluencing family size. Although age at marriage appeared to have 
little effect on the size of officers’ families^ a significantly greater 
pioportion of eases of sterile marriages is noted for wives who married 
at ages greater than 27 when compared with the remainder of the 
group- A niorc accurate investigation of this finding would he 
desirable. Another finding wi\ich appears deserving of more careful 
,study is contained in tlic responses to the question, ^7/ preffftaffcy zvas 
deft nicely pha/ted, hozu m/ftty mo/tfhs lifter you stopped fukiti// pre- 
catiUous did ronrepih)i ocniv'?'^ The median value of the responses 
given by the officers was 2.0 months and the corresponding value 
reported by the wives ^vas 2 A montlis, These data lend no support to 
the opinion voiced by some that the declining birth rate in this 
country is evidence of a general loss of virility clue to tlic decadence 
of our national stock. A thorougli investigation of tiiU problem of 
"temporary'^ sterility would be valuable, 

A definite trend toward a larger proportion of ''definitely planned’’ 
pregnancies was observed. For officers over 40 years of age only 
20 per cent of the second born children were reported as "definitely 
planned," while for officers under +0 years of age 49 per cent of the 
second born children were so reported. 

Only 45 per cent of this group report making definite plans con- 
cerning number of children shortly after marriage. A more in- 
tensive study of the changes in psycliological attitudes accompanying 
the current trend towards a smaller proportion of "accidental” as 
compaTcd with "defimtely planned” pregnancies sliould be made. 

(h) The husband’s consideration for the wife’s health and the 
wife’s fear of childbirth both play «i definite but relatively minor part 
in determining size of family. It should also be noted that almost 
half of both ti)e liiisbands and the wives report that the improvement 
of the physical and mental health of the mother is of some, much, or 
great importance to tlicm as a reason for having children. 

(c) Fac tin's related to marital status, sucli as t)ie characteristics, 
attitudes, and general compatibility of the person the individual mar- 
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rics, appear to be very important in causing deviations in family size 
from the nitinbcr the individual considers ideal. Such a large pro- 
portion of the liusbands and wives in tin's group reported their 
marriages .is very happy that direct evidence concerning the cfTcct 
of this factor was quite meager. However the statements of the 
officers and wives indicate that they consider it of great importance. 
An interesting related finding brought out by this study is the im- 
portance of the wife’s health for marital happiness. This finding 
appears to have been neglected in recent studies on tins topic. It is 
likely that in a group in which the couples were less uniformly happy, 
the use of more accurate measures of health and marital happiness 
would reveal an even larger degree of relationship than that found in 
this study, 

(rf) General social factors such as social background, custom, and 
social conditions undoubtedly cause deviations from ideal family size 
in this group. A significant tendency is observed for wives married to 
officers whose social backgrounds are higher than those of the wives to 
plan to have more children than wives married to officers whose social 
backgrounds arc inferior to their own. Evidence of a similar nature 
was obtained by studying the relation of outside income to estimated 
size of completed family. These findings support the hypothesis that 
women have childrerk partly because of a feeling of obligation to tlicir 
husbands, and when that feeling of obligation is diminished by outside 
circumstances the number of children planned by them is reduced. 

Moving and living conditions are mentioned more frequently than 
any factor except the financial one as a reason for limitation of family 
size by this group. Almost 60 per cent of the group who reported an 
interval of 18 months or longer from the date of marriage to the birth 
of the first child gave as one reason for this delay the desire for a 
period of freedom from the responsibility of children. 

(ff) The economic factor dominates a large part of the discussion 
of this group concerning planned deviations from the size of family 
considered ideal. Educational expenses and insurance arc reported 
as the most important obstacles to having the somewhat larger families 
which most of them indicate they would prefer, A finding with 
rather general implications for population policy is that although the 
financial factor is important in causing young couples to delay in 
having children, it is probably not nearly as influential as the factor 
mentioned above concerning desire for a period of freedom from 
the responsibility of children. 
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In reporting on reasons for limitation of family size tlic liusbancls 
attach more importance to financial considerations than do their 
wives. The family incomes of tlic officers arc conspicuously higher 
than tliose of their brothers and sisters but the number of children 
born to officers in tlic first eight years of marriage is slightly lower, 
Furtliermorc \v)?en classified by occupational or income level groups, 
these siblings do not show the marked differences in birth rate usually 
found ill occupational groups. 

An analysis of budget expenditures indicated that like other pro- 
fessional groups these individuals spend a much smaller proportion 
of their income on ^'necessities’* than the lower income groups. It 
is evident from these reports and those concerning the cost of an 
additional child that the financial factor is a very complex one which 
must be related to standards of living in tlic group being studied. 

Three pieces of evidence are reported which sliow tliat tlie financial 
factor really operates in this group and is not merely a plausible 
statement wliicli has been adopted for cojivcnicncc. First, it is sliown 
that ^'definitely planned” births and to some extent others also are 
clearly related to the years in which an officer receives an increase 
in pay. This is at the end of every third year in the Army Air Corps. 
Second, officers with outside incomes plan significantly larger families 
tlian officers wlio do not have such an additional source of funds. 
Tiiird, the final evidence that the financial factor actually operates is 
provided by the fact that a significant increase in the number of 
fourth and later born cliildren resulted from the offering of educa- 
tional scholarships to such children born to regular United States 
Army Air Corps Officers during the calendar year 1940. 

(f) Uncertainty of the future and particularly the hazards of 
military flying appears to have a definite influence on tlic planned 
sizes of families in this group. The fact tliat the group liayc almost 
as many cliildren as officers in other branches of Service appears to be 
due to a tendency for the effect of flying pay to counteract the effect 
of flying hazard in this group. 

In conclusion it is repeated that tlie present study makes jio pretense 
of untangling the complex matrix which includes the factors re- 
sponsible for the determination of family size. It is liopcd that it 
will prove of value in indicating useful procedures and poniting out 
wliich of the many types of information obtained in this study should 
be found most profitable in future studies. 




APPENDICES 

Appendix A: Announcement op Educational Sciiolarsiiips 

The announcement of educational scholarships sent in April, 1939, 
to all regular ofRccrs of the United States Army Air Corps having 
at least two living clulciren is rcpraclucccl helovv. 

An NOUN CHM ENT OF EDUCATIONAL ScilOLAllSIllPS 

Avnilablc fox die UGiicfit of Children of Officers of the Unltcci 
States Regular Army Air Corps Under the Conditions Outlined 
Below. (From January 1 to December 31, 1940.) 

Comiiliousx THE PIONEER FUND, INC,, Ji Nassau Street, 

New York Cily, offers fully paid-up amHiitie.s to provide educa- 
tional scholarsliips for children of officers of the United States 
Regular Army Air Corps, as follows; 

Any child horn to nn officer of the United Slates Regular 
Army Air Corps listed by the Official Army Register of January 
1939, and to whom The Pioneer Fund, Inc. has mailed this An- 
nouncement, will he granted such an annuity when the following 
conditions are met; 

1, T'hc child who is to he the licncficiary of the grant must 
be born between January 1, and December 31, 1940, inclusive. 

2, The officer in question must have three or more other 
living children at the time this particular child is horn (or at 
some lime after May I, 1939). 

3, Applieation for the grant must be made wiihin a reasonable 
time after the birth of the child and not later than April 1, 1941. 

. Cost’, These annuities will be provided at no cost to the officer. 

They will he issued in the form of a regular single premium 
annidly contract wntten in the child's name by a nationally 
known insurance company, on which the entire preiniuin will be 
paid The Pioneer Fund, Inc. at the time of issue. The contract 
will be placed in the hands of the officer at that time and The 
Pioneer Fund, Jnc. will have no rights or interest therein after 
payment by it of the premium. Thus it will constitute an out- 
right gift of a fully paid-up annuity on which no premiums will 
ever have to be paid by the officer. 

Provisions of ihr fuEy cducaiionni ntntuify: 'I'lie 

Pioneer Fund. Inc. will jdace a sum in an annuily for each 
qualified child which will provide: 

1. A lotal of jour thousand dollars /oau/mi the child's mnln- 
icttance and cAucadanal expeitses: 'I'iiis sum will be paid in 
imstallmcrns of five hundred dollars yearly for eight years, 
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nt the end of twelve years from the dntc of jbsiic of 
the aumiiiy; i*e,, payiiicnt will start Boon after the child's 
twdfth bij-rhilay (ossumliig that appljcftiion for llic gr;ijjt is 
made soon after bir(li) and conclude soon after the niiietcciuh, 
2. Iff ih€ etfiefft of the child' j Jcaih before tJie Above payments 
begin, n lump Bnm payment of between two thousand ecvcn luin- 
dred end three thoirsanJ sfx lumdred cloUftrs (depeiiding on the 
child’s age ot death) will be made to the parents for the nmintc- 
nance ond edneation of the attrvrving children. 

Aptllcalions\ To apply for aiich a grant the oflicer should 
write aa soon as possible after the birth of a qtraliifed child, to 
Mr. John 11 » Slate, Jr.j 31 Nassau Street, New York, N. Y., 
who la the legal repreacntalivc of the Board of Dircefora of The 
Pioneer Fund, Inc. Should the oflicer die before having made 
such application, or if it becomes otlicrwiBc impossible for him 
to do st>, Ills wif« or other peraon tcsponaible for the cliilil mny 
apply in his stead, Application blanks and further Infornintion 
will be furnished at any Lime upon request, 

livery chiid meeting the condillona stated above will he aiUo- 
maticnlly qiinlinecl for ft scholarship grant; there will be no fur- 
ther condillonfl or requirements. Funds BulKcicnt to provide 
scholnrahips for more thnn the full number of such children 
who could reasonably be expected in the cnieiular year 1940 are 
Qvnilnble for this purpose. 



Appendix Bj A Tabular Summary of the Scores and 
Responses or Officers and Wives for the Various 
Forms and Schedules Used 

This summary gives the scores and responses of officers and their 
wives for the various forms and schedules used. Condensed distribu- 
tions and means arc provided. The code used iii reporting the dis- 
tributions is explained. Means for certain of the items have also 
been reported for the tv^o groups who indicate that tliey regard 
two children and four children respectively as tlie 'Sdcal number of 
children for the average American family/' These two groups con- 
tain 79 and 123 of the officers and 67 and 116 of tlic wives in tlie 
two and four children groups respectively. Similarly means have 
been provided for some of the items for the groups which have 
been designated as non-pi’olific and prolific. Individuals are included 
in the non-prolific group ivlio expect to liavc none or one child and 
those who expect to have three or more children arc classified in the 
prolific group, These groups contain 125 and 116 of the officers and 
90 and .83 of the wives in the non-prolific and prolific groups res- 
pectively. 

The reports of codes proceeding by regular step intervals are abbre- 
viated. In all of the codes X indicates the nuiYibcr of individuals 
who failed to report on the particular item, In those codes in which 
0— and l^yesj tlie mean may be interpreted as tlic proportion of 
^'yes^* responses. 

The directions printed on the cover page of the Family Report 
Form are quoted in full below: 

The War Department one! Administrative Staff of the Army 
Air Corps arc cooperating in a study of family life. The study 
is Voluntary and anotiymoiig; no name will be associaLcd in 
any way with any blank you fill out. Yovi will place your blank in 
an envelope and seal it, It will be sent directly to the Statistical 
Bureau of Columbia University for analysis. No blank will ever 
be Seen by anyone at this post, or nt any post, or by anyone in 
Ihe War Department, The results will be analyzed and a statis- 
tical summary prepared. No statistical data will be published 
without the full npprovnl of the OfHcc of the Chief of the Air 
Corps and ihc War Dppai’tiJicnt, 
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I. HISTORY OF THE PROBLEM 


Although intensive research on optical illusions was not under- 
taken until the latter part of the nineteenth century, the problem 
is as old as psychology itself. Oppel^s (31) study, in 1854, is re- 
puted to have been the first experimental attack on the problem. 
It was this study which drew attention to the fact that there is a 
tendency to overestimate the length of vertical lines in rehition to 
horizontal lines. Miiller-Lycr's (4) publication of his Optische 
U)'tei!tauscliun(/en, in 1880, stimulated interest in the illusion of 
the arrowhead and featherhead which bears his name. It is with the 
developmental aspect of these two illusions that the present research 
is concerned, 


A. Explanatory Tpieories op Illusion 

The iiiuvei'sality of geometrical-optical illusions suggests that some 
factor basic to visual perception in general is at work. Hence, it 
is not surprising to discover that the theories which have been pro- 
posed to explain these illusions parallel the theories of visual per- 
ception itself. Proposed explanations may be conveniently grouped 
into two mam categories, namely : (^) those which attribute illusions 
to peripheral factors, and (b) those which attribute them to central 
factors. Since the more important of both groups of these theories 
liave been reviewed elsewhere (31, 92), no discussion of them will 
be included in this monograph. 

B, Age and Susceptibility to Illusions 

Experimental studies of age and susceptibility to illusions have 
yielded contradictory and ambiguous results, Binet (5), Van Bier- 
vliet (87), Rivers (66), and Pintner and Anderson (65) report that 
the Miillcr-Lyer illusion decreases with adv<ancc in age. Cramaussel 
(13), on the other hand, claims that this illusion increases with age, 
Hartman and Triche (25) take issue with both of the above points 
of view and hold that the Illusions of children, when considered as 
a group, arc not different from those of adults, None of the above 
studies, however, can be considered reliable because of tlie limited 
number of subjects used, the lack of adequate controls, and the 
failure to apply appropriate statistical techniques. This holds true 
also for studies of the vertical-horizontal illusion, such as that of 
Seashore and Williams (69), in which the illusion was found to be 
slightly less for adultxS than for children. 
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C, CUJ/rURK AND SuSCI-I'TiniMTY TO lU-UMONS 

Rivers * (66) study appeals to Ik* tlie only one wliicli deals 'with 
the rciatfon lictwcen culture and susaiptihility to jJlusion. Rivets 
found that tlie Toda and tlic Papuan arc inarkotlly more susceptihlc 
to the vcrticaldiori/.DiUal illusion than is the Kiij^lislunan. The 
Englishman, on the other liand^ was found to he more susceptihlc 
to the Miillcr-Lycr illusion. 

D. Illusions in Animals 

Warden and Baar (89) trained two riiif' doves to discriminate 
between a short (positive) and a loni^ (nej^ative) line placed at the 
end of a Ye ikes- Watson discrimination apparatus. Wlicn the 
Miillcr-Lycr illusion fii 4 ures were substituted for the lines tlic birds 
responded to the line which was apparently sluntcr. Similarly, 
Winslow (92) was able to demonstrate that chicks are susceptible 
to both the veiTical-horrzontal and to the Miiller-lAcr illusions. 

E. iNTELLKiIvNCJi AND iSuSCliJ'ITlU I.ITY TO ILLUSIONS 

Studies by Williams (90) and l>y Cvo.sland, Taylor, and Newsom 
(14, 15) lead to the conclusion that intellii^encc and susceptibility 
to illusion are not related, The results cif the latter's studies, how- 
ever, suggest that there is a negative rclatumship lietwecn high 
intelligence and a high degree of illusimi. 

F. Eftticts or Piiactick on Illusions 

Judd's findings, in common with those of otlicr investigators, show 
that tile Miillcr-Lycr illusion disappears with practice, Lewis (47), 
however, claims that the illusion disappears with practice only when 
the figures arc exposed for prolonged periods, When the figures arc 
exposed only momentarily the illusion does not disappear. Seashore 
et a}, (68) present evidence that the influence <jf practice depends 
upon a number of factors, such as attitudes and knowledge of results. 
Crosland, Taylor, and Newsom (14) find that practice results in an 
initial increase in Mullcr-Lycr illusion, followed by a gradual 
decrease. Evidence regarding the influence of practice on the veriical- 
liorizontal illusion is less clear cut, Williams (9(1) reports lliat 
the illusion of the vertical doe.s not decrease with practice. ^^lleIUille 
(86) reports that for at least tlnce of his subjects tlie verlical- 
horizontal illusion was incicnscd by practice. 
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G- Sex Differences 

Williams^ (90) study is the only one in which an analysis of sex 
differences was made, He found no significant differences between 
the I'ccords of girls and boys, 

H, Dhveloj^ment of Percej*tion in Geneii.al 

Veinoii (88) refers from time to time to the fact, so often stressed 
by Gestalt psychologists, that the perceptions of young children may 
differ considerably from those of adults, and may resemble more 
closely those of animals, especially of the primates. She holds, in 
cojnmon with the Gestalt school, that cliildrcn are particularly likely 
to perceive tlie field as a series of undifferentiated meaningful wholes, 
If the Gestalt explanation of the Miiller-Lyer illusion is correct, 
then one oug;ht to find a progressive decrease in the amount of illu- 
sion with advancing age until perceptual maturity is reached, The 
present research is designed to throw light on this problem. 

I. Summary and Prospectus 

Tlie foregoing surve5'', revealing as it docs a diversity of conflicting 
evidence, indicates the need for more adequate information concerning 
the problem of geometrical optical illusions. As early as 1902, 
Judd (40) suggested that this might be accomplished by a thorough- 
going genetic study of the qualitative and quantitative aspects of the 
perception of such illusions. Several such studies have indeed been 
reported, but, in general, confidence cannot be placed In tlie results 
because of the limited number of subjects used and because of the 
lack of adequate controls. It lias been demonstrated that a niuiiber 
of factors associated with tlie experimental set-up may influence the 
amount of illusion, and since these factors have varied from experi- 
ment to experiment, there is no way of generalizing from one study 
to another. Binet (5), for example, has shown in his study of the 
Mii!ler-Lycr illusion that such factors as the order in which one 
compares the lines and tlie size of the figures used have a marked 
influence upon perception, Pieron (64) has also demons tin ted that 
the angle of inclination of the obliques and the proportionate length 
of the obliques arc important influences. 

An adequate genetic study of geometrical-optical illusions would 
necessitate the use of an identical set-up for a comparable sampling 
of individuals at all age levels. It would involve the careful control 
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of all those conditions, other than a^e di/fcrcnccs, wliicli might in any 
way influence the results. It would require a technique for measur- 
ing Illusions reliably from one age level to the next, anti would make 
provision for tracing the development of tlie s«'inie group of cliildren 
over a period of several years- The extent to wliich susceptibility 
to illusion is related not only to age, but also to such factors as 
general intelligence and sex would be an interesting phase of tlic 
investigation. Such a study ought to throw light not only upon 
the problem of perceptual development, but upon tJie broader sub- 
ject of mental development as well, 



ir, THE PROBLEM AND THE METHOD 
A. Thti Prohlum 

""Die chief purpose of this investigation is to determine if suscep- 
trbrlitj^ to certain geometrical' optical illusions varies signihcantlj'' and 
predictably" with age, and to analyze the growth trends in the per- 
ception of illusions. The figures selected for the study were the 
Mullcr-Lyer and the vertical -horizontal illusion, because the general 
theories of illusion which have been proposed all bear on one or the 
otlier of these two figures, and because generalizations from certain 
studies of these illusions are frequently quoted in discussions of 
perceptual development. 

An analysis of the prevloUvS studies of this problem demonstrated 
their inadequacy from the point of view of methodology, the number 
of subjects, and the age range of subjects. Such generalizations as 
liave been drawn from these studies are, therefore, suspect. In view 
of the renewed interest in perceptual development, as a result of recent 
trends in theoretical ps^Tholog5^ it appears highly desirable to have 
conclusive evidence regarding the genetic aspects of geometrical- 
optical illusions- 

B. ExpjiRijMKNTAt Set-up 
1. A p par (it Its (lu (I Tesi Coy/liflons 

The Muller-Ly^er figure was drawn in black on white cardboard 
and glued to a metal supporting frame which stood perpendicular 
to the tabic* The variable portion of the figure, glued to a metal 
slider, moved freely in a groove when the experimenter turned a 
knob attached to the back of the frame and slider. A rotary adjust- 
ment movement of this knob resulted in a linear motion of the slider. 
The variable line, having oblique lines turned outward, was 50 mm. 
at its minimum and 160 mm. at its maximum length. All oblique 
lines were 4 cm. long and were placed at 45° angles from the com- 
parison lines. Small white paper circles were placed at the heads 
of the angles as terminal reference points in order to increase accuracy. 
The width of all lines was 1/16 inch. On the back of the slider was 
a scale from which the experimenter could determine the amount 
of illusion in terms of millimeters. A large grey cardboard screen 
hul all parts of the apparatus except the illusion board, and concealed 
the movements of the experimenter. 

The vertical-horizontal figure was drawn in black on white card- 
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board nnd glued to a itietal frarnc and slider as ivas tVie 
Lyer figure. The horizontal line, 128 inm. in length, served as the 
standard, and the vertical line, varying in length from 54 inm. to 
180 mm,, served as the variable, T.he slider was adjusted from the 
back by the experimenterj as with the Miiller-Lycr figure, and a grey 
screen concealed the adjusting mechanism and the movements of the 
investigator, A scale, drawn on the back of the apparatus, revealed 
the artiQUtit of illusion in terms of millimeters. 

The subjects were studied individually and under identical condi- 
tions from one age level to the next. Each observer sat with his 
back to the window (northern exposure) and placed Viis chin in a 
chin rest clamped to the table. The base of tlic illusion apparatus 
was placed on the table 40 inches away from the cliin rest. Measure- 
ments were taken only on bright days and during the school hours. 
All of the data were collected personally by the writer. 

Four trials with each illusion board were given in an ABBA 
order at one sitting. In the first trial (//) the variable line was 
placed at its minimum length and gradually made longer, whereas in 
the second trial {B) the variable line was placed at its maximum 
length and gradually nmcle shorter, The variable line was moved 
at a rate of one millimeter per .66 sccontl. The directions given to 
the subjects were as follows: 

DivcciiQiu for MUiler-Lyer Efcficrimcut 
Ncitke the lu\t from this dot to tUva d<it 

menler points to white dots at boundaries of stniidard line) 
and the line extending from this dot to this dot ( expe rim eider 
points Co dots at boundaries of varinble line). Now 1 am 
going to move this line (experimenter points to variable line) 
and I want you to tell me when it appears to be the sninc 
length as this line (experimenter points to standard line). 

Tell me when they look the same length. Watch cni'cfuUyl 

Directions for Ferticai-Iiorizontal ExPerivseJft 
In this experiment I am going to move the veilical line 
(experimenter points to vertical line) and I want you to tell 
TTjc when it appears to be the same length as the horizontal 
line (experimenter points to horizontal line). Watch carefully I 

In giving directions to young children it seemed clearer nt times 
to refer to the vertical Unc as '‘the line that goes up and down’^ anil 
to tlie horizontal line as "the line that goes from side to side.” 
Sometimes, too, tlie child was asked to tell which of the two lines 
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ivas the instead of the ‘'longer/* when the former word 

seemed to be better understood than the latter. 

C. RELtAWILlTY OF ILLUSION ScORES 

As soon as a sufficient amount of data had been collected the 
reliability of the method was determined for several age groups. 
This was found to be sufficiently high to warrant continuing with 
the procedure, Moreovei% a reference to the study of Croslaixd et aL 
(5) suggested that the reliability of such measures was not appre- 
ciably increased when the average scores were based upon six trials 
instead of four. Therefore, four was considered to be an adequate 
number of trials. 

Split-half reliability coefficients obtained by correlating average 
scores on the first and second trials with average scores on the third 
and fourth trials, and corrected by the Spearman-Brown formula, arc 
shown in Table 1 and Table 2. It will be seen that with the excep- 


TABLE 1 

Sput-Half Rnu ability Coefficients for MOller-Lyer Figure Corrected 
BY Spearman'Qrown Formula 


Age group 

N 

r 


50. fis 

110 

.1922 

.3224 

60- 7“ 

106 

.5697 

.7259 

70- 85 

124 

,5812 

.7351 

go. 96 

101 

.7158 

.8343 

90.10S 

137 

.6519 

.7892 

100-118 

1G2 

.7836 

;8786 

110-128 

166 

.7413 

.8514 

120-138 

139 

.7679 

.8687 

I3O-I4B 

122 

.7921 

.8839 

140-158 

103 

.6700 

.8023 

150-168 

105 

.9516 

.9751 

I6O-I78 

111 

,8233 

,9030 

170-188 

110 

.8064 

.8922 

lgfl-1915 

93 

.9152 

.9557 


tion of Muller-Lyer scores for age groups 5^-6'*, they are sufficiently 
high to warrant the making of group comparisons. 

D. Selection of Subjects 

TJie subjects for the experiment were selected with a view toward 
obtaining a normal and camp arable distribution of intelligence at 
all age levels. At the lower ages they were pupils of two parochial 
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TAHLE 2 

Split-Half Reliadility CoKFFiciEurs for VERTicAi.-lioRizoNTAi. Fi(7URn 
Corrected dy Spearman--Brovvn Formula 


Age group 

N 

I’ 

I'j? 

ifl- 

no 

.7565 

.8613 

fifl- 75 

106 

.8351 

.9102 

7 “- S'! 

124 

.S62B 

.9263 

rO- 9^5 

lol 

,7690 

.8694 

9fl.lOD 

137 

.8+20 

.91+2 

lOMl® 

162 

.8305 

.907+ 


166 

,7926 

.88+3 


139 

.7627 

.-8633 

130 . 1+5 

122 

.6765 

.8070 

1+0-156 

lOS 

.8236 

.9032 

IJO.165 

105 

.8136 

.8972 

160-1715 

III 

,886^ 

.9+00 

lyO-igO 

no 

.7926 

,88+3 

180-196 

93 

.7989 

.8882 


schoolsj one of which was in an average cit,v neigliborhoocl, tlic ntlicr 
of which was in a somewhat superior iicighhorhooch At the upper 
nge levels they were students of a Catholic high school for girls, a 
Catholic military academy for boys, and of a Catholic college for 
women. The majority of the college students were selected from 
tile lower third of the freshman class, and, for the remainder, some- 
udint more were taken from the middle third than from the upper 
third of the group, 

The Kuhlman II- Anderson hiidliffeuce Tests for ages six to ma- 
turity were given to all subjects, since tliesc tests constitute a con- 
tinuous scale with tests of increasing difficulty from the lower to 
the upper age levels. Although there is reason to doubt the adequacy 
of this scale for the college students, the personal constants appear to 
be sufficiently comparable for age groups seven tliroiigli 1+ to justify 
their use in this experiment. 

The Heinis Personal Constant was adopted as the measure of 
intelligence because it appears to be more constant than the IQ 
(10, 29, 32, 44) and permits greater accuracy of prediction. This 
would be an important consideration if test records scciii’cd soinc- 
time previous to the actual experiment were to bo used. It was 
not necessarv to do this, however, since the investigator was al)le to 
administer Kuhlmann-Aiulcrson tests to all subjects within t^vu 
months of the illusion experiment. 
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The number of subjects and the means and standard deviations 
of personal constants at each age level for which they were obtained 
arc shown in Table 3. 


TABI.E 3 


DiSTIUnUTIQN 

OF Personal 

Constants at Different Age 

Levels 

Age group 

N 

Mean PC 

^PO 

5fl- 6B 

110 



fiO. 75 

106 

104.23 

4.16 

70- 36 

124 

102.80 

5.02 

go. 9B 

101 

104.43 

4,91 

90-10*5 

137 

104.86 

4.86 

lOMlB 

162 

103.45 

4.82 

110-12® 

166 

103.53 

4.97 

120-13® 

139 

102.56 

4.86 

130-146 

122 

102.19 

4.99 

I 40 -IS® 

108 



150-1(5® 

10+ 



160-17® 

111 



170-18® 

no 



180-19® 

93 




The age levels and the number of subjects used in the longitudinal 
study are shown in Table 4, The amount of time whicli elapsed 


TABLE + 

Ace and Numder of Sudjects Studied Over a Three-Year Period 


Age at lirat testing 

Age at second testing 

N 


go. 96 

n 

60,7*5 

90-10*5 

70 

70-8*5 

lOfl-llB 

33 

80-9*5 

110-12*5 

63 


between the first and the second testing was from three to three 


and one-third years in every case. 



III. THE GROWTH PHENOMENA 
A, Mean Differences in Illusion Scores at Different Ages 
1, Miiller-Lyer IlJiision 

Tile means and standard dcvintiojis of Muller-Lyer illusion scores 
for ages six through 19 are given in Tabic 5 and are graphically 


TABLE S 

Means and Standard Deviations or Illusion Scores at Different 
Age Leveu 


Age group 

N 

Muller-Lyer 

Mean 

Illusion 

cr 

Verticgl- 

Horlzontal lUiiaion 
Mean a 

50- fio 

no 

29,10 

9.78 

32.96 

6.32 

60- 7“ 

106 

26.62 

6.26 

32.3+ 

8.82 

70- as 

12+ 

24,93 

6.38 

33,18 

9.26 

80- 9^ 

101 

23.91 

5.72 

33.20 

$.54 

90-105 

137 

23.49 

5.81 

32.12 

8.21 

IflO-ltO 

162 

23.76 

6.10 

23.45 

8.60 

110-120 

166 

24.3+ 

6.10 

28.54 

7.41 

120-110 

139 

23.36 

5.59 

28,27 

6.62 

I30-H« 

122 

2+,64 

5.60 

26.9+ 

6.93 

1+0-158 

108 

26.71 

2.34 

24.96 

4.11 

ISO-IJD 

10+ 

25.51 

2.9+ 

23.77 

4.01 

160-1 70 

111 

23.61 

2.80 

24.63 

3,99 

lyfl-iso 

no 

24.26 

4,17 

23.99 

5.15 

180-198 

93 

24.59 

3.78 

25.36 

3.90 


portrayed in Figures 1 and 2. The continuous line connects the 
actual mean scores at each age level, whereas the broken line repre- 
sents the smoothing of the data, and is probably the better indicator of 
trends. In general, the curve shows a decrease in illusion score 
with increase in age, a decrease which, from the results of the analysis 
of variance. Is found to be statistically significant at the one per 
cent level. A scrutiny of the curve, however, reveals much more 
information concerning the growth phcnoinciia than does the statis- 
tical test of significance. It will be observed that from ages six to 
11 there is a consistent decrease in mean illusion score, followed 
by an increase which culminates at age 1+, and which is followed 
by a slight decrease up to age 17. The curve from ages 17 to 19 
shows a very slight increase. The decrease in ability to dlscrlrninate 
demonstrated about the age of puberty parallels the results obtained 
by Gilbert (22) in bis study of a number of factors, such as muscle 
sensitivity, sensitivity to color differences, and the like, Gilbert 
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FIGURE 1 

Mean* MOLLEH-tYER Illusions Scores at Different Aon Levels 



concluded from Jiis data that the ^thildien appear to have labored 
under some disadvantage in almost all tests at the period about 13-’' 
III the Wiiller-Lyer data of this exlpermiciit, the disa cl vantage 
appeared somewhat later. 

It is important to note, at this point, that the generalized growth 
curve for the Miillcr-Lyer Illusion, as described above, may be very 
misleading if account is not taken of sex dirterenccs after the age 
of puberty. The curve for boys and the curve for girls differ 
markedly during this period, as shown in Figures 13-16. The gen^ 
cralized curve of Figure 1, therefore, should be regard cd incrclj' 
as the midpoint between the means of the two sexes. 

2. erti£al-Hovi%Qut(d Illusion 

The means and standard deviations of vcrticabhorizontxnl scores 
for ages six through 19 are given in Table 5 and are gniphicnlly 
portrayed in Figures 3 and 4. The smoothed curve indicates a 
consistent decrease in illusion from ages six to 17, with a rather 
marked increase from ages 17 to J9- The decrease from ages s/x 
to eight is almost imperceptible and is followed by a sharp decrease 
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FIGURE t 

Standard Devzat/ons for tize MOller-Lyer Illusion at Different 
Aon Levels 


from ages eight to 11. The decrease becomes more gradual from 
ages 11 to 14, nnd is relatively great between ages 14 to 17, The 
relativcli' slow rate of decrease during the period from 11 to 14 is 
suggestive of the effects of puberty. Apparently the effects of 
puberty on this illusion are not so marked as they were for the 
Miiller-Lycr illusion. The mean age differences are found, by the 
analysis of variance technique, to be statistically significant at the 
one per cent level. 

13 . Mean Variations Around Individual Means at 
Different Age Levels 

1 . J\!lfcllcr-Ly^r JJh/siofi 

The means of mean variations around individual means arc given 
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Steadily from ages six to 11, reaching the highest point at age 11, 
vvhicii is the age at wiiicli the lowest mean illusion score is ahtained. 
As variation decreases from ages 11 to 14, the cori'csponding Jiican 
illusion scores increase. 

It is of interest at this point to compare the above results with 
those obtained in other studies of psychophysical functions. Gilbert 
(22), for example, in studying the muscle fyiiiid that, on 

the whole, variation decreases with advance in age, and that when 
discriminative ability decreases between any two successive ages, the 
variation Increases for the corresponding period. The Miiller'Lyer 
data of this study show just the opposite trend, and are more 
consistent with the results of Gilbcrt^s timc-memoiy and suggestion 
tests. In the former test he discovered that where a special change 
in relative growth between two ages occurs for the better, the mean 
variation changes for the worse. In tlie latter test he found tliat 
for short periods in the development where ability increases, varia- 
tion tends to increase also. 

It is important at this point to recognize tlic effects of the marked 
sex differences in mean Miiller-Lycr illusion upon the mean viiria- 
tion5 as described above. The fact tliat these differences nrc so 
great casts doubt upon the v<alidity of generalizations drawn from 
the combined curve for the two sexes. These mean variations arc 
given separately for each sex in Table 21 and arc graplilcally shown 
in Figures 17 and 18. A deseviption of these curves is given in the 
section on sex differences, 

2. F erticM-Horizoiifal IIlNsion 

The curve for mean variation obtained on the vcrtical-lioriziontal 
illusion, as shown in Figure 6, reveals a marked increase from nges 
six to eight, a decrease from ages eight to 17, and a marked increase 
ngain from ages 17 to 19. The increase in variation from ages six 
to eight runs parallel to mean illusion scores that decrease at less 
than the average rate of decrease from otic age to the next. A 
similar trend was observed by Gilbert in his study of reaction time, 
and may be summarized as follows; Whenever the rate of inercaso 
in ability from one age to another Is than the nvenige niie fd 
increase, the variation for that period becomes higher and therefore 
worse. The curve for decrease in varintion from ages eight to 17 
may he characterized as positively accelerated and does not show 
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FIGURE C 

Mhans dp Mean Variations Ahouno Individual Means (Vertical- 
Horizontal Illusion) 


the disturbflncc at puberty which is characteristic of tlie curve 
for mean Illusion score, 

C. Trends in Reliability 

Table I giVcvS split-half reliabilitj^ coefficients for the Miillcr- 
Lyev illusion corrected by the Spear man- Brown fon-nuln, It will 
be noted that the reliability coefficient for age six is considerably 
lower than that for age seven and the other ages up to 19. From 
ages seven to 19 there appears to be a very slight and statistically 
insignificant trend toward higher reliabilities with increasing age. 
These trends suggest that developmental changes sire tsilcing place, 
the most marked of which occur between ages six and seven. The 
low reliability^ at age six is probably indicative of what Luria (23) 
describes as a state of diffused nervous excitation, characteristic of 
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the yourtg child, but which in the iioimal child has pretty well dis- 
appeared by the age of seven or eight years and has been replaced 
by the more constant integrated reaction which is characteristic of 
the adult. Gootlenough's (23) study of reaction time led to find- 
ijigs in agrceniejit with this. Goodenough holds that the fluctuations 
from one trial to another, so characteristic of the young child, can- 
not be attributed to distractions from external sources. They result 
rather from the child's inability to give an integrated response, in 
spite of the fact that his attention is centered on doing so. ^ 

The reliability coefficients for the vertical-horizontal illusion, as 
shown in Table 2, do not increase with ndvaiicc in age, but fire 
quite stable throughout the entire age range. 

D. Distribution Curves for Illusion Scorhs at Different 

Age Levels 

U Milller-Lyer Illusion 

It will be seen hy reference to Table 7 that the distributions of 
Miiller-Lj'er illusion scores for age groups 7, 8, 9, and 10 arc 


TABLE 7 

Data on Normality of Distuidutions or MOixer-Lyek Scorus 


Age group 




^'2 



50 - 6 « 

—.003 

.5363 

.005 

.029 

1.04 

.278 

60- 70 

.983 

.2346 

4.18* 

1.49 

.4652 

3.20* 

7 O. 8 ® 

2.19 

.2172 

10.09* 

3.91 

,4314 

9.07* 

afl- 9 G 

.800 

.2413 

3,32* 

2,45 

.478+ 

5.13- 

90-105 

1.08 

.2076 

5.19* 

1.97 

.4113 

4 . 79 * 

105-115 

,050 

.1936 

.258 

1.08 

.3850 

2.81t 

HO-I 2 G 

— .090 

.1876 

— .480 

— .09 

J735 

— .241 


.267 

,2076 

—1.28 

.313 

.4113 

— ,762 

135 - 1+5 

—.123 

,2191 

— < .562 

— ,25 

.4349 

— .575 

l+O-ISO 

—.2603 

.2337 

—1.11 

1.47 

.4633 

3.17* 

1S5-165 

.1069 

.2368 

,4514 

.0391 

,4694 

.0832 

165-17" 

.0924 

.2305 

,4008 

1.08 

.4571 

2,36 

175-185 

.070+ 

.2S26 

,2787 

— .1029 

.5002 

— .2057 

185-19" 

.3633 

.2540 

1.43 

.0369 

.4577 

.0806 

^Significant 

iit the one 

per cent level. 




tSigiiificant 

at the live 

per cent level. 




positively skewed, and 

that age 

grouiDS 

7. 8, 9, 

10, and 

15 depart 

significantly 

from normality at 

the one 

per cent 

level in 

the tlircc' 


tion of pcakedncss, while age group 11 is significantly peaked at the 
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five per cent level. The signifiennee of these data for the analysis of 
growth will now be discussed. 

It has usually been assumed that psychophysical functions are 
normally distributed in a random sample of the population, ai though 
noteworthy exceptions have been observed. Curves which appear to 
be normal may prove to be skewed when mathematical measures of 
goodness of fit are applied (8, 20, 26, 54, 82). Boring (8) in 
particular, has been especially insistent that a normal distribution 
should not be assumed a priori in psychophysical measurement until 
experimental evidence to that effect has been collected. So far as 
the writer knows, the present experiment is the only study in which 
a sufficiently large number of cases has been Jivailablc for testing 
the hypothesis that susceptibility to the Miillcr-Lyer illusion is nor- 
mally distributed. 

It will be observed that the illusion scores are symmetrically dis- 
tributed at each age from 11 through 19, whereas from ages seven 
througli 10 they are positively skewed. In other words, there is a 
tendency at the lower age levels for illusion scores to pile up at 
the higiier end of the scale. A comparison of Table 7 with Figure 1 
suggests that skewness and cliangc in susceptibility to illusion are 
related, that is, skewed distributions arc obtained for these age 
groups where growth is most rapid. It seems reasonable to assume 
that in a function as complex as that presented by the Muller-Lyer 
illusion, the child may not be sufficiently ^ structuralized** to react 
adequately until the age of IL The peakedness at age 11 and at 
age 15 may possibly be evidences of transition periods in growth. 

It will be of interest at this point to note that skewness as a 
function of growth has been observed in certain biological data. 
Boring (8) calls attention to Raymond Pearl’s statistical stiidy^ of 
the number of leaves in a whorl in ceratophyllum, in which the 
distributions for number of leaves were skewed one way at the proxh 
mal end of the main stem, and tlic other way at the distal end. 
The form of the distribution passed tlii-ough symmetry somewhere 
behveen tlicse two ends. In view of these facts, Pearl wrote: 

The phenojnenopi of skew variation stands Forth in this case, 
free of doubtful interpretation through selection or any similar 
factor, clearly anti definitely aa a phenomenon of growth. In 
the face of facts of this kind it is difficult to understand how 
anyone can be so convinced of the of the 


^Variation and Differentiation in Ceifitophylliini, 1907. 
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normal or Gnussian law, as some biologisks stUi f»rc. . . . Skew- 
ness in rnrialton is a very real biflloffical phenomenon which 
may be changed and modified, r^ot only in degree, but in direc- 
tion, by various biological factois like growth, ns for cxrjirnple, 
jn the present caJse. 

An nkemativc to the hypothesis disciisscd in the fihove lnlnl^£^lpils 
Is, however, suggested by u scrutiny of Figure 9. This grapli por- 
trays the distribution of means of individual Huiler-Lyer illusion 
scores based upon four and upon 20 trials for a group of 50 chil- 
dren, average age seven years and four months. It will be seen 
that the distribution of scores based upon 20 trials is more sym- 
metrical tJinn d)iit based upon four trials, a fact which suggests 
that skewness may be a function of the unreliability of the measure- 
ments. To test this hypothesis, Fisher's and statistics were 
computed, together with their standard errors and /-values, as sIkjuui 
I n Table 8. It will be observed that neither f/i nor differ sipnih- 

TABLE S 

Data oij Nok^iAirrY of Illusion Scorls HaspI) on 20 1 'rials (50 SuujncTS, 
Average Ace Seven Years ano Four Months) 

Illusion ill ^^01 ^ ^ 

Milller-Lyer —.0083 .3367 .0246 .0717 .6618 J084 

Verticul-Hori'^ontal .0700 .3367 ,2079 —.9002 .6618 1.3602 


cantly from zero Avhen the distributions are based upon 20 trials, 
and that the cirrye therefore meets the cntcn'a for normality, 

2- Ver/ic/rl-Horhoutal I flush ft 

The vertical-horizontal illusion is symmetrically distributed at 
nil age levels e^rcept 10, where it is positively skewed at the one 
per cent level of significance, and 15, where it is positively skewed 
at the five per cent level of significance as shown in Table 9. It 
will be noted that these are ages at which clianges in mean illusiozi 
scores appear, as sliouu) in Figure 2. 

Values of t for arc significant at tlie one per cent level for 
ages 7, 8, 10, 12, and 18, and at the five per cent level for age 
14. In spite of this fact, however, the distributions appear to re- 
semble normal curves move than they resemble any other coinmnn 
t 3 ^pe of curve. 

The skewness observed iii the vertical-horizontal data mav, like 
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TABLE 9 

Data on NoRMALt'n' or Distridution of Verticai.-Horizontat. Illusion 

Scores 


Age group 



t 

^2 

SE^ 

i 

5»- 6’’' 

— .3337 

,5363 

.622 

1.28 

1.04 

1,23 

6<1- 7* 

.286 

.2346 

1.22 

1.73 

.4652 

3.72'’ 

70 . 85 

.13+ 

,23 72 

.948 

2.73 ■ 

.431+ 

6,33* 

gO- 95 

— .346 

.2413 

—1,44 

— .13 

.478+ 

— .272 

911-105 

2,19 

.2903 

10.48* 

2.20 

.4143 

5.31* 

iQiLllfi 

,255 

.1936 

3,31 

.60 

.3850 

1.56 

iin.120 

.276 

.1876 

1,47 

1.51 

.3735 

+.04*^ 

120-135 

.230 

.2076 

1.11 

.45 

.4113 

1.09 

130-145 

.641 

.2191 

2.93 

J.15 

.4349 

2.64t 

140-156 

.622 

.2336 

2,66 It 

,789 

.5631 



— .174 

.2368 

— .7331 

.055 

.469+ 

.1173 

1^(1-176 

,504 

.2305 

2.1976 

.986 

.4571 

2.1559 

1 70.185 


.2526 


—1.29 


—2.5789 

I8O.I9B 

— .023 

.2413 


2.34 

.4784 

4.8912* 


‘‘^Significnnt at one per cent level. 
■(■Significant at five per cent level. 


that for the Muller-Lyer^ be attributed to the unreliability of mean 
individual scores based upon four trials. Reference to Table 8 
indicates that neither r/i nor .92 differ significantly from normality 
when scores are based upon 20 trials, 

E. Longitudinal Study 
L I action of Subjects 

As a check against the results of the cross-sectional study, indb 
vicluals from age groups 6, 7, 8, and 9 were tested a second time, 
after a period of three years had elapsed. All children of these age 
groups who ivere in the same scJiool three years .after the original 
testing were included in the follow-up groups. T)ic Jiumbcr of 
subjects in each group is shown in Table 4. 

2. Correiafioris beiiueen First and Second Testings 

The correlations between initial scores and final scores on the 
two illusions are given in Tabic 10. It will be noted that correla- 
tions for the Muilci'-Lyer illusion, with the exception of age group 
six, show a consistent increase with increasing’ age, although titc only 
statistically significant correlation is at age eight. If we exclude 
the Ju'gli correlation at age .six, which may be attributed to tlic small 
number of cases, wc find a consistent trend toward higher corrcla- 
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TABLE 10 

Correlation between Initial Scores and Finm. Scores (Three Years 
Later) on MOller-Lyer and Verticat.^ITorizontal Illusion 

Age MtiBer-Lyer Vcrticai-Horizontal 

First Second 


testing 

testing 

No. 

r 

ar 

r 

<tr 

S«-6B 

gfl- 

IS 

.5272 

.3224 

.1675 

.4334 


98-105 

70 

,0351 

.1194 

“.4322 

.0972 

7Q_8B 

IQO-UB 

83 

.2357 

.1036 

*.3697 

.0947 

g0.9fi 

]1«-125 

63 

*.5945 

.OH 14 

*.4209 

.1037 


^Statistically signiScant correlation. 


tions advrince in age, a trend wJjich suggests a gjoivtli factor, 
Apparently, reaction to the MiUlcr-Lyci- Illusion becomes a move 
stable function with increasing age. This may be regarticJ ns an 
additional line of evidence that the child becomes more "struc- 
turali^ed*^ with advance in age. 

The correlations for the verticnJ -horizontal ill us j on sJiow a mnrfccd 
increase from ages six to seven, after which they remain remarkably 
stable and are statistically significant. This sudden rise in the 
magnitude df the correlation between ages six and seven is suggestive 
of a change in growth. 

A comparison of the correlations for the two illusions suggests 
that reactions to the vertical-horizontal illusion becoinc .stabilized 
at an earlier age than do reactions to the Mullcr-Lyer. This is 
consistent with other data, such as the previously reported reliability 
coe/heients which reveal a slmih'ir trend. 

3. Meci/f Differcfices betzveen First md Second Tesihicj 

ii- ullf/''-Lyer Illusion^ TJic mean diffcrcnce.s in IVdijller-LiTV 
illusion scores between the first and second testing, and the signifi- 
cance of these differences are given in Table (1. It will be observed 
that these differences are statistically significant for all except the 
youngest age group. It will also he seen that the direction of these 
differences is opposite to that obtained in the cross-sectional study, 
a result which was quite unexpected. A discussion of tliis i)lic* 
nomenon is given in the section on growth increments and decrements. 

b. J cj iiccil-Idorizoutal /f/rtr/o/L The mean differences in vcrcical- 
hoiizontal illusion scores between the first and second testing, and 
the significance of these differences arc shown in Table 12. It will 
be observed that the direction of tlie differences is the same as that 
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SC -95 116-125 * 63 33.33 S.II .770 30.67 6.73 .848 — 2.66 .8726 3.048* 

fStadstically significant at five per cent level. 

•Statistically significant at one per cent level. 
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obtained in the cross-sectional study. Differences between aRcs six 
and nine are not statlsticaHy signi/icant, between ages seve;i and 10 
and between ages eight and 1 1 they arc significant at the five |ier 
cent level, and beween ages nine and 12 they are significant (it the 
one per cent level. 

4. Growth Increments and Decrements 

a. Miiller-Lyer Illusion. Alcan individual growth increments 
for the Miillcr-Lyer illusion over the tlirec-year period, as shown 
in Table 13 are positive for all age groups, and about as great 
for one age group as for another. This is in line with the direction 


TAHLE 13 

Gaoivrff iNcRCAiHNTs roK MuuEH'Lyi-R (Af'TEn 

Interval) 


Age 

Mean 

increments 

cr 


Significance 

5% level 1% level 

SO.dO and 8«- 95 

4.89 

7.8t 

1.84 

3.S8 

5.32 

fi«-70 and 90-1015 

4.19 

7.3R 

.8S 

1.75^ 

2.37"^ 

yO-SB and lOO-ll'* 

6.19 

7.89 

.87 

1.71* 

2.28**^ 

so .955 and lie.ias 


7,12 

.90 

i.ao* 

2.39» 


^Statistically significant. 


oi the mefin group differences for the follow-up Rioup but iis incoiv 
sfstent with the results of the cross-sectional study. The expfaiuitlon 
of this discrepancy Is not clear. The equality of the ^rrowtll incre- 
ments for the different age groups sufjfrests tliat a constant factor 
is operating in every case. The first possibility that sujz:(rcsted itself 
was that an experimental error had been inadvertently introduced 
into the situation at the time of the second testing. However, the 
writer is at a loss to discover any such sources of error, i^incc the 
conditions of the experiment were identical for the two testinj^s. 
Both tests were given by the same examiner in the same room, and 
with the same apparatus. The only difference between the children 
in the foUow-up group and the children of the same iv^c in tlic cross- 
sectional study was that the former had been exposed to the illusinn 
three years earlier. A scrutiny of Figure 7, which rfimvs tlic mean 
scores of all four groups on the two tests, shows a consistent trend 
downward from the younger to the older groups. Mcncc, aKhniigii 
all groups have increased in illusion score over a thrcc-ycar period. 
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FIGURE 7 

Comparison or Mui,ler-Lyer Illusion Scoana for First and Second Testing 
(Three- Year Interval) 

the relative position of the means remains the same, and is consistent 
with the results of the cross-sectional study. 

b. Ferfic/il-Hortzottffil lUitsion. Mean individual growth decre- 
ments for the vertical-horizontal illusion over a three-year period, 
and the significance of these differences arc shown in Tabic 14, It 

TABLE 14 

Growth Decrements for Vertical-Horizontal Illusion (After 
Three- Year Interval) 


Age 


Mean 

decrements 

cr 


Significance 

5% level 1% level 

J»-6B and 

jO. gB 

—^.55 

lO.Sd 

2.56 

2.54 

7.40 

and 

9 O-I 0 O 

—2.41 

9,47 

1.13 

2,25* 

2.97 

7«-86 and 

100-1 IB 

—2.43 

9.63 

1.06 

2.11« 

2.79 

8®-9® and 

110-12® 

—2.65 

7.11 

.90 

1,80’ 

2.39’ 


^Statistically significant. 


will be observed that the direction of the differences is the same 
as that obtained in the cross-scctional study, although, in general, the 
differences are not so great. Differences between ages six and 
nine are not statistically significant, between ages seven and 10 and 
between ages eight and 11 they are significant at the five per cent 
level, and between ages nine and 12 they arc significant at the 



130 


genetic psychology monographs 


one per cent level. The mean differences between ilKision scores 
on the first and second testing are grapliically shown in Figure 8 . 



FIGURE $ 

Comparison of Vertical-Horizontai. lu.usroN Scores for First an« Second 
Testing (Three-Year Interval) 


It will be observed that, with the exception of the youngest age 
group, the rclntivc position of the group means remains tlic same for 
both tests. 

5. Effect of E?<'^osiire to Illusion Over a Short Period of Time 

a. MuUer-Lyer Illusion, The discrepancy between the results oi 
the cross-sectional' and of the longitudinal stud 3 '^ suggests tli.it a few 
exposures to the illusion may increase the illusory effect, although, as 
previous research has demons tin ted, many exposures tend to reduce it. 
All additional experiment was, therefore, set up to determine what 
effect exposure to four trials ivoiild have on illusion scores secured 
sometime later, 

A group of 42 first- and second-grade children, average age seven 
3 ’^ears and four months, was given a scries of four trials, and was 
retested under identical conditions from five to eight weeks later. 
The mean scores for tlic first and second series of trials, the standard 
deviations, and the significance of differences arc given in Table 15. 
It will be observed that the mean Muller-Lycr illusion increases 
3.95 millimeters on the second test, an increase which is significant 
at the five per cent but not at the one per cent level of significance. 
This trend is in the same direction as the trend obtained in tlic three- 
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3 'ear folloiv'-up study, althougJi it is not of such pronounced statistical 
significance. The mean of the inclivitliial increments together with 
the stnnd.ird errors and i-valiies, are gjvcj3 in Table 16. It will be 

TABLli 16 


Mean Increments in 

Illusion Score (Aeter 
Interval) 

Five to Erertr 

Weeks’ 

Idiislon 

Mean 

iflci’cine/it 

O' 


i 

Muller-Lyer 

3.76 

1.+272 

,2203 

17.5* 

Vertical-Horizontal 

1.7S 

,9065 

.1553 

11.4* 

^Significant at the one per cent level. 



N = 42 


seen that this mean increment is statistically significant at the one 
per cent level, 

V eriicahHorlzonial lUnsioiu The vcvlical-horizoiital illusion 
was then presented to the same group of children that bad been 
exposed to the Miillcr-Lyer illusion, and under the same conditions. 
The data for the first and second scries of trials wdtli this illusion 
ure shown in Table 15. Although there is a positive ijic remen t in 
mean illusion score, it is not statistically significant. The mean of 
the individual increments as well as tfic standard errors and /-values 
are given in Table 16, The mean of the individual increments is 
statistically significant at the one per cent level. 

F. Felatjonship nETWBiiN BIuller-Lyur and Vertical- 

Horizontal Illusion 

Product-rnomeiit coefficients of correlation he tween i\£uller-Lycr 
and vertical-horizontfil illusions, corrected for attenuation, arc given 
in Table 17. It will be noted that in general there is a low positive 
correlation between the two illusions, a result which corroborates 
an earlier study by Tinlccr (82). The corrected coefficients arc 
statistically significant at all ages except 10, 12, 14, 15, and 16, and 
show a slight tendency to be higher at the lower age levels tliaji at 
the upper age levels, 

G, Experimental Test of RELiAniLiTv or MhasurI'Mhnts 

At this stage of the study it was thought desirable to give further 
consideration to possible sources- of unreliability in tlic original 
ineasuicnicnts. It will be recalled that the mean illusion score for 
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TABLR 17 


Coefficients of Correlation for VERTicAL-HoRizoNTAr. and Muller-Lyer 
I r-LUsioNs AT Each Are Levet., Corrected tor Attenuation 


Age group 

r 

ar 


5- 6 

.1736 

.086 

.3295* 

6- 7 

.2238’*" 

.092 

.2753* 

7- 8 

.2731* 

.022 

.3309* 

B- 9 

.3165» 

.0001 

.3716* 

9-10 

.0906 

.078 

.1066 

10-U 

,2303 » 

.037 

.2579* 

11-12 

.1393 

.061 

.2570' 

12-13 

.2162^ 

.0+5 

.2479* 

13-14 

.1153 

.078 

.1374 

14-15 

.1061 

.035 

.12+6 

15-16 

—.0867 

.097 

—.0927 

16-17 

.1821 

,063 

.1976* 

17-JS 

.2161* 

.051 

.2431* 

lB-19 

.2268* 

.050 

.2461* 

■^Statistically sienificaiit, 



each individual was based on four 

trials, and that the reliability 

coefficients were, with the exception of that obtained for the young- 

est age group, sufficiently high for 

making group comparisons. At 

most ages, however, 1 

fficy were not 

sufficiently high to insure the 

reliability of individual means. Therefore, 

means secured from 

four trials were correlated with means secured on 20 trials, for a 

group of 50 children from the first and second grade, average age 


seven years and four months. Split-half reliability coefficients based 
on 20 trials^ and corrected by the Spearman-Brown formula,- arc 
given in Tabic 18. It will be seen that they are sufficiently high 


TABLE IB 

Speit-Halp RELiAniLiTY Coefficients Based on Twbn'fy Trials, Corrected 
EV Spearman -Brown Formula (Average Age of Fifty Suujects, 7i) 


Miiller-Lyer 

Vertical-Horizontal 





,9128 .95+6 

.9456 .9721 



to permit individual prediction. Miiller-Lycr means based on four 
trials correlated .4322 with means secured on 20 trials, and vertical- 
horizontal means based on four trials correlated .9156 witli means 
based on 20 trials. Since the four trials are a part of the 20 trials, 
however, this correlation is spuriously high. A part score based 
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on four trials in a total of 20 trials would tlicoreticnlly have one- 
filth of the determining factors in producing the total score. Since 
all the determining factors of the part are included within the 
determining factors of the whole, would equal onc-fiftli or .20, 
and r would equal .477, even tliougli the part ’were actually unre- 
lated to the remainder of the whole. In the case of the Miilicr-Lycr 
illusion, the removal of this spurious factor would reduce the 
correlation to zero. There is reason, tliercfore_, for doubting the 
reliability of the Miillcr-Lyer means based upon four trials. The 
reliability of the vertical-horizontal means based upon four trials is 
much higher than the Miillcr-Lyer means, although this correlation 
is considerably lowered ’when the effect of tlie spurious factor is 
removed. A comparison of mean scores based on four trials and 
mean scores based on 20 trials is given in Figures 9 and 10. A 
similar comparison for mean variations is given in Figures 1 1 and 12. 

H. Sex Differences 

The menu illusion scores at different ages are given separately 



FIGURE 9 

COMPAMSON- OF MEANS OF INDIVIDUAL ScOKES BaSED UpON FouR AND Ul'ON 

Twentt Tiuals (Muller-Lvek Illusion) 
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FIGURE 10 

Comparison of Means of Individual Scores Based Upon Four and Upon 
Tvventt Trials (Vertical- Horizontal Illusion) 
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FIGURE 11 

Comparison of Individual Mean Variations B;\8ed Upon Four and Upon 
Twenty Trials (Muller-Lyer Illusion) 
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FIGURE 12 

CoMi’ ARISON OF Individual Mean Variations Based Upon Four and Upon 
Twrnty Trials (Vertical-Horizontal Illusion) 


TABLE 10 

Mean Illusion Scores for Boys and for Giri.s at Diit'ijuunt Age Levels 


Age group 

Mull^i'-Lyer Illusion 

Boya Girls 

N Mean iV Mean 

Vcrticnl-Ilorizoiual 
Boys Girls 

Mean Mean 

50- 6« 

43 

29.62 

67 

28.67 

34.30 

33.90 

fiO- 75 

54 

23.56 

52 

26.48 

32.60 

32.0(5 

70. gB 

78 

24.+2 

46 

25.57 

33 J 7 

32.91 

gfl. 9D 

45 

2575 

55 

22.35 

34,36 

32.06 

9MOC 

71 

2478 

66 

22.07 

32.99 

31.59 

IQO-UB 

U 

2LU 

73 

2274 

32.18 

29.ZZ 

n«-t26 

77 

24.77 

90 

23,75 

29.36 

27.81 


62 

24.02 

77 

22.33 

29.25 

27.50 

130.14B 

+S 

23,84 

74 

25.53 

28.IJ4 

26.24 

14»-1SB 

12 

22.85 

96 

2770 

30.02 

24.33 

150-1(15 

38 

20.44 

66 

28.26 

24.60 

23,66 

I<5n-175 

68 

21.66 

43 

26.70 

25.34 

23.58 

170-185 

50 

21.27 

60 

2676 

24.81 

22.40 

180-196 

76 

25.37 

17 

2175 

2575 

24,56 


for each sex u\ Table 19 and arc grapliically portra^^ccl in Figures 
13-16. Caution should be observed in iiiterpvctinj^ these grajihs 
at the upper age levels, since the number of subjects of each sck is 
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Sux DifferencI'S in Mum.er-Lyer Illusion 

not coiKtaiU. It shculd be noted in particular tliat the number 
of boys in age group 15 is only 12, and that the number of girls in 
age group 19 is 0013 ' 17. These are consfderabl]' smaller jiumbers 
than are found in the other age groups. 

K Mill I er-Ly er Illusion 

Definite sex differences appear at age nine, although the direction 
of the two curves is in general the same until age II, as shown in 
Figure 13. From ages 11 to 17, the illusion for bo 3 ^s steadily 
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FlGURli 14 

Sex Differences in Vertical-Horizontal Illusion (SNooTiU'n) 

decreases, ^vliereas that for girJs steadily increases, nnd tlic two 
curves cross at about age 13 and again at about Ig. 

Tliese tremendous sex differences manifested during adoJcsccnce 
require some explanation. It would sceni more reasonable to 
attribute them to differences in attitude toward the cxpcriinent than 
to differences in perception, since differences in attitude were apparent 
during die testing, A numbci of boys, foi example, stated that 
they knew the figure was an illusion, and volunteered explanations 
of the cause of the illusion. Several of them said it was u "trick’' 
and wanted to rem.ain to see what the other boys would do with it, 



SISTER ANNETTE WALTERS 


139 



FIGURE 15 

SEK DeI’TERENCHS in VERTlCAL-IlORliCONTAI. ILLUSION 


None of the fiii'ls, however, made any comments about the situation, 
and although they took the experiment seriously, tliey showed very 
little interest in knowing their scores, and did not show the same 
eagerness and competitive spirit in taking the test as did the boys. 

To test the hypothesis that the enormous sex differences observed 
are due, to some degree at least, to differences in attitude, an experi- 
ment was devised in which an attempt was made to arouse in the 
girls a critical attitude. The Miiller-Lycr illusion was presented 
to 40 higli school girls, average age 17 years and one month, and 
the following instructions were given: 

I want to sec how accuiatcly you can judge the equality of 
these two lines (point to the two lines) when you arc distracted 
by the anowheads (point) and the fcathcrheacls (point) that 
ijo out from them. These lines you see (point to featlierhcads 
and arrowheads) create an illusion ao that the two lines look 
equal when they really arc not. Little children are usually 
quite easily fooled by it. Older people, particularly the more 
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FIGURE Itf 

Stoc Differences ik Vertical 'TIouiziintal Ir.T.usroN (8 moo'(iimd) 


I’nfelligent: oneSi of course, are nor. Now I am going to niovo 
this line (point to tlic varinble line) and I want you to tell 
me when it looks the some length fta tUia (point to standard 
Jjiie) line. Be careful to concentrate so that you will Hot he 
deceived by the arrowhcncla and fcathcrheacls. I want to 
see which <s{ yovk will the V>tsl tscotcI 

TKc nie[\ii Mlillcr-Lycr illusion setire, oluaiiifil iiikIpi the ali()\'c 
conditions is 26»86. A comparison of this result with the previously 
secured icsult of 26.7, as given in Table 5, reveals no perceptible 
differences between the two means. It appears, therefore, tluit tlic 
directions given were inadequate for stimulating a more cifticni 
attitude, or else thut the sex differences cannot he attributed to 
differences in attitude. The writer feds that it is extremely difTvcult 
to develop in girls a critical attitude toward a test situation such as 
this, since even with the added stimulation, the girls did not manifest 
the saKve ccwiitvw theix scores as did the ho.vs. 
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TABLE 20 


Sex Differences in Mean Variations Around Individual Means 

(MijLLER-LYER ILLUSION) 



Mean variation 

Age 

Boys 

Girls 

s«. 60 

9.56 

9.05 

60- ?'• 

9.66 

9-60 

70- 8^ 

11.01 

10.16 

go. 9 B 

lO.+l 

10.32 

gO.loB 

10.12 

11,77 

lOO-llO 

1?.96 

12.99 

110-120 

10.01 

8.70 

120-136 

8.80 

8.79 

130-140 

9,34 

8,96 

I+O-ISD 

8.13 

8.76 

150-16® 

8.68 

9.2+ 

I 6 O-I 7 O 

8,11 

8.10 

170-18® 

8.12 

6.95 

180-19® 

8.63 

8.34 


Sex differences in mean variation are given in Table 20, and arc 
graphically shown in Figures 17 and 18. The curve for girls rises 
steadily from ages six to 11, and reaches Its peak at age 11. From 
ages 11 to 17, the curve descends consistently, after which there is a 
very slight increase up to age 19. The highest mean variation 
occurs at age 11, which is the age at which the lowest mean illusion 
score is obtained. The lowest mean variation, on the other hand, 
occurs at age 17, which is the age at which the peak of the adolescent 
increase in mean illusion score is obtained, 

The curve of mean variation for boys rises steadily from ages six 
to 11, and drops sharply from ages 11 to 14. From ages 14 to 17 
there is a very slight drop, followed by a slight rise from ages 17 
to 19. The lowest mean variation occurs at age 17, which is the 
age at which the lowest mean illusion is obtained. 

2. Vertkal-Horizo7iial llljwon 

Sex differences in vertical-horizontal illusion are manifested at all 
age levels, as shown in Figures 15 and 16. The boys at all ages 
have R somewhat higJier illusion score than do the girls, but tlie 
general trend of the two curves is the same. A possible explanation 
of the fact that boys do not have an advantage over girls during 
adolescence is that this figure does not present a "trick” as does 
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figure 17 

Mean Variateons Around Individual Means for MUli^eh-Lyiir 
Illusion (Giri^) 


the Muller-Lyer illusion, and consequently the attitude of the boys 
in taking the test is no more critical than is that of the girls. 

I. Intelligence and Illusion 

The nnah'sis of covariance yielded J^'Values indicating that the 
regression of personal constants on Miiller-Lycr illusion is significant 
neither 'Vitliin’^ nor “amoiig*^ age groups. For the verticaWiori- 
zqntal illusion the ''among” regression is significant, hut the "within'^ 
regression is significant at the one per cent level, and indicates a 
negative correlation between illusion scores and personal constants. 

J- Discussion 
1. Theories of Growth 

In accordance with the Gestalt explanation of the Mullrr-Dycr 
illusion, one would expect to find a progressive decrease in the amount 
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FIGURE 18 

Mean Variations Around Individual Means for Muller-Lyer 
Illusion (Boys) 


illusion with advance in age until the tnt'ttuvity of fho 
is reached. It will be seen that the Miiller-Lyer data of this experi- 
ment corroborate tlie Gestalt theory, inasmucli ns tl^e meaji illusion 
decreases with increasing age up to 11 years. It seems probable 
that 11 yexTis is the age at which maturity in this function is reached. 

The &4uller-Lyer data also yield evidence for Luria's (23) con- 
tention that “the 'simple reaction* in. young children differs from 
the reaction of the adult in having another structure, and is char- 
acterized by a marked specificity of the diffused excitation, a weak- 
ness of those higher regulating mechanisms which are undoubtedly a 
basic phenomenon in the neurodynamics of the adult,’* The reliability 
coefficient, for example, was considerably lower for the youngest age 
group than for the succeeding age groups. To a lesser extent, this 
was also true for the vertical-horizontal illusion. 

Further corroboration of Luria’s thesis is found in a comparison 
by ages of the correlations between the two testings at three-year 
intervals. With increasing age the correlation coefficients went up, 
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a fact which indicates that the function is more stable at the higher 
age levels. 

The phenomenon of skewness at the lower age levels has already 
received some consideration. It appears reasonable to suppose that 
the young child cannot react properly to such a complicated situation 
as that presented by the Miillci-L.vcr illusion because of a v'calcncss 
of the ‘‘higlier regulating mccJianisms^’ as suggested by Luria. 

A scrutiny of the coefficients of correlation between Mullet- 
Lyer and vertical-horizontal illusions at the different age levels, 
suggests a somewhat closer mental organization at the lower age 
levels. The age differences, however, arc so slight as to be almost 
negligible. 

2. Research Methods 

A number of methodological considerations arc suggested by the 
present resen rcli, Considerable emphasis has recently been placed 
upon the use of a longitudinal approach in growth stndica in pref- 
erence to the cross-sectional approach that has bccji so commonly 
used. Shuttlcwortli, in particular, lias urged Jiot only the abandon- 
ment of cross-sectional data, but also tlic abandonment of statistical 
techniques developed for the nnal}™ of cross-sectional data, Tliis 
position, so far as anatomical and physiological data are concerned, 
appears to be well taken, 

It has long been known, however, that many iisj'cholugicnl proces- 
ses change as a result of previous exposure to a stimulus, and hence, 
in testing such processes over n period of time, one gets not merely 
a measure of growth but also a measure of the effect of previous 
experience* Tlic inconsistency of the results of the cross-scctional 
and of the longitudinal approach in the present study, as well as the 
results of the five- to eight-week follow-up study, arc suggestive of 
this effect. In the light of such problems, it would appear unwise 
to follow Shuttlevvortids suggestions indiscriminately when dealing 
with psychological processes, unless the effect of repeated meusure- 
ments over a period of time has been definitely ascertained. 

A few words concerning the use of statistical tests of significance 
in tile analysis of growth data wil] here be in order. The method 
used in this study, namclj^ the analysis of variance technique, with 
its accompanying test of significance, is being increasingly used in 
psycJiological studies. It may be of interest, therefore, to point out 
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some distinct Jimitations of this technique for the analysis of cross- 
sectional growth data in general. 

One of the basic assumptions under! jdng the analysis of variance 
technique is that the variances of the groups are homogeneous. In 
the present study this assumption was proved valid by zneans of 
Nayer*s test (57), and the analysis of variance technique could there- 
fore be used. TJiere is reason for supposing, however, that for growth 
data in general, the variances will not be homogeneous, since changes 
in variance are usually an essential feature of the growth process. 
Jones (35), for example, in her study of the ability of preschool 
children to equate length of lines on the Gal ton bar, found that 
standard deviations decreased with age. Similarly, in other types of 
data, a decrease in the variability of individual scores is frequently 
accepted as a criterion of growth. In the light of such facts, it 
would appear unwise to use in the investigation of growth any tech- 
nique of analysis which assumes that the variances among different 
age groups are liomogencous. If homogeneity should be demon- 
strated, liowcver, as in the present research, such a technique might 
well be used. Nevertheless, most growth data will probably not 
yield homogeneous variances. 

3. Relation to Other Perceptual Phenomena 

It is reasonable to suppose that optical illusions are related to the 
phenomena of perceptual constancy, since In both cases the physical 
stimulus and the corresponding psychological reaction are at variance, 
It will therefore be of ijitej'cst to compare the results of the present 
study with results of studies of perceptual constancy, as reviewed 
by Locke (52). 

According to Locke, there Is considerable evidence that perception 
and intelligence function within the organism as compensatory adjus- 
tive mechanisms. Consequently, as the organism grows more complex 
there is an increase in intelligence and a correlative decrease in the 
primitive perceptual mechanism. This is illustrated by experiments 
indicating that perceptual constancy decreases as one ascends the 
phylogenetic scale. Fish, chicks, and chimpanzees, for example, are 
superior to man, chicks are superior to chimpanzees and cliildrcn are 
superior to adults, In general, it seems reasonable to suppose that 
geometrical-optical illusions follow a similar trend, since these illu- 
sions have been demonstrated in animals, and since children have 
these illusions to a greater degree than do adults. Further corrobora- 
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tion of such an hypothesis is given by the fact tliat “within** age 
groups, vertical-horizontal illusion scores correlated negatively witli 
intelligence ratings, 

A relationship between the common illusions and eidetic Imagery 
has been suggested by Jaciisch (33), and hence it will be of interest 
to compare age data on these two phenomena- Kl liver (42) sum- 
marizes the results of eidetic iniagcr}^ studies as loUovi’s; 

While there seems to be agreement that I'l disappear, aa n 
rule, during or after puberty, the period of the ’^ncme’* of eidetic 
imagery, the age at which El are most frequently found, and 
found in the highest ‘'degree," is not yet agreed upon. Most 
often the age of 12 years has been suggested; but, after Rocss- 
ler'a InYCSligatioH, sis. yetus ov below pvoini>es to be most 
correct. 

If Jacnsch*s contention is true, one would expect to find, in the 
light of the above summary, tliat the greatest changes in susceptibility 
to illusion tnke place before tlie age of six. From our knowledge 
of perceptual development in general, this would appear to he a 
reasonable assumption. 



IV, SUMMARY AND CONCLUSIONS 

The two objectives of the present research were («) to determine 
if susceptibility to certain geometrical-optical illusions varies signifi- 
cantly and predictably with age, and (b) to make an analysis of 
growth trends in the perception of such illusions. For this purpose, 
quantitative measures of Miiller-Lyer and vertical-horizontal illu- 
sion were secured for 1,693 subjects, ranging in age from six to 19 
years : and, of this group, 234 subjects at four age levels were selected 
for a follow-up study of three years. The principal results of this 
research are as follows: 

1. Mean MilHcr-Lycr «and vertical-horizontal illusion scores vary 
significantly ’'among” age groups, as determined by the analysis of 
variance and its accompanying test of significance, 

2. The regression of personal constants on Muller-Lycv Illusion 
scores is significant neither "within” nor "among” age groups. 

3. The regression of personal constants on vertical-horizontal 
illusion scores is not significant "among” age groups. "Within” 
age groups it is significant and is negative in direction. 

4. Mean Miilicr-Lyer illusion, scores decrease consistently from 
ages six to 11, increase somewhat from ages 11 to 14, decrease 
slightly from ages 14 to 17, and increase very slightly from ages 
17 to 19. Beyond the age of 11, however, the generalized growth 
curve is misleading because of sex differences manifest from that 
age upwards. 

5. Mean Muller-L 3 ^er illusion scores are lower for girls than 
for bo 3 's until about age 12. From ages 11 to 17 the illusion for 
boys steadily decreases, whereas that for girls increases, and the two 
curves cross at about age 13 and again at about age 18. The most 
pronounced sex differences occur at about 16 and 17 years. 

6. When girls, ages 16^ to 17®, were tested for Miiller-Lyer 
illusion under conditions designed to produce a critical attitude, the 
mean score did not differ significantly from that secured under the 
original conditions. 

7. Mean vertical-horizontal illusion scores decrease consistently 
from ages six to 17, and increase rather markedly from ages 17 
to 19, The decrease is more gradual from ages 11 to 14, and is 
relatively great between ages 14 and 17. 

8. Boys of all ages liave a somewliat higher vcrtical-Jiorizontal 
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illusion score than have the girls, but the general trend of the two 
curves is tlic same, 

9. The curve for mean vai in tlon of Mullcr-Lycr illusioji scores 
at the different age levels runs counter to the mean illusion scores up 
to the age of 14. Beyond this age the two curves run paiallel, 
Variation increases consistently from ages six to U and reaches its 
highest point at age 11, the age at which the lowest mean illusion 
score is obtained. 

10. The curve of mean variation in Jliillcr-Lvcr illusion for 
girls rises steadily from ages six to 11, descends consistently from 
ages 11 to 17, and rises slightly from ages 17 to 19. The highest 
mean variation occurs at age 11, the age at which the lowest niean 
illusion score is obtained, and the lowest mean variation is obtained 
at age 17, the age at which the highest mean illusion score (with 
the exception of age six) is obtained. 

11. The curve of mean variation in Mullcr-Lj'cr illusion for boys 
rises steadily from ages six to 11, drops sharply from ages 11 to 14, 
drops slightly from ages 14 to 17, and rises slightly from ages 17 to 
19. The lowest mean variation occurs at age 17, the age at which 
the lowest mean illusion score is obtained, 

12. The curve for mean variation of vertical-horizontal illusion 
scores goes up markedly from ages six to eight, in striking contrast 
to the menu illusion scores which do not change appreciably during 
this period. Mean variation decreases consistently from ages eight 
to 17, and increases markedly again from ages 17 to 19. From 
ages eight to 19 the trend for mean variation vs in the same direc- 
tion as mean illusion score. 

13. Reliability coefficients for the Mullev-Lycr illusion increase 
greatly from ages six to seven. Beyond this age there is a very slight 
and statistically insignificant trend to^Yard higher reliabilities with 
increasing age. 

14. Reliability coefficients for the vertical-horizontal illusion do 
not increase appreciably with advance in age but are quite stable 
throughout the entire age range, 

15- Reliability coefficients at all age levels, with tlic exception 
of Miiller-Lyer reliability at age six, arc sufficiently liigli for group 
prediction. 

16. Distribution curves for Miillcr-Lycr illusion arc positively 
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skevvecl Rt those ages where growth is most rapid. This ma)', how- 
ever, be a result of unreliability of mefisurement. 

J7t The vertical-horizontal illusion is sj^mmetrically distributed 
at all age levels except 10^ where it is positively skewed at the 
one per cent level of significance, and age 15, where it is positively 
skewed at the five per cent level of significance. The skewness at 
age 10 is iissociated with a marked change in mean illusion score. 
TJhs ina}'-, however, be a result: of unreliability of measurcincnt. 

18- Correlations between Muller-Lyer illusion scores over a 
three-year interval, with the exception of that for age six, become 
consistently higher with advance in age. This suggests that reactions 
become more controlled with increasing age- The relatively high 
correlations at age six may be attributed to the small number of 
cases. The only statistically significant correlation Is at age eight, 

19. Correlations between vertical-horizontal illusion scores over 
a three-year interval increase markedly from ages six to seven, 
after which they remain about the same and are statistically signifi- 
cant. Apparently control of this reaction is achieved at an earlier age 
than is reaction to the Muller-Lyer figure. 

20. Mean differences in Miiller-Lycr illusion over a tliree-year 
period arc statistically significant and are opposite in direction to 
the age differences obtained in the cross-sectional study. 

21. Although all of the follow-up groups increase in mean 
]Miil!er-Lyer illusion over a three-year period, the relative position 
of the group means remains the same and is consistent with the 
results of the cross-sectional study. 

22. A positive increment in jVIullcr-Ljw illusion was obtained 
when a group of 42 children, average age seven years and four 

^ months, was retested at an interval of from five to eight weeks after 
the first test. This increment was statistically significant at the one 
per cent level. A positive and statistically significant increment in 
vertical- horizontal illusion was also obtained. 

23. Mean differences in vertical-horizontal illusion scores over a 
three-year period are in the same direction as the age differences 
obtained in the cross-sectional study. They arc statistically insig- 
nificant at age six, significant at the five per cent level at ages seven 
and eight, and significant at the one per cent level at age nine. 

24. All of the follow-up groups decrease in mean vcrtical- 
horizoiital iiiusron over a t/iree-y'ear period. With die exception at 
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the youngest age group, the relntivc position of the group means 
remains the same for both tests. 

25 . There is a low positive correlation between Mlillcr-Lycr 
and vcrtical-homontal illusion at all ape levels. There is a slight ten- 
dency for the correlations to he higlicr at the lower age levels tlian 
at the upper age levels. 

26. There is reason to doubt the relinbility of j\'Iiillcr-Lver 
illusion scores based upon four trials, since scores on fotn trials cor- 
related oirly .+322 with scores based on 20 trials for a group of 
50 children whose average age was seven years and four months, 
This correlation was shown to he spuriously high. Scores hased 
upon 20 trials had a split-half reliability of .9546. 

27. Tile reliability of vertical-horizontal illusion scores based 
upon four trials appears to be better established than that for the 
Miiller-Lycr Illusion, since these scores correlated .9156 with scnrc.s 
based upon 20 trials. This correlation, like that for the i\'Iullcr-Lyer 
data, however, is spuriously high. Scores based on 20 trials had a 
split-half reliability of .9721, 

28. The results of this study suppoi t the Gestalt explanation of 
die lHiiller-Lycr illusion, .and lend support to Tilria’s coiUcntinn 
that "the simple reaction" in young children differs from the reaction 
of the adult in having another structure. 

29. The inconsistency of the results of the cross-scctional and 
of the longitudinal approach, as well as the results of the five to 
eight week follow-up study, suggest the need for caution in iiiakiiip 
longitudinal studies of the growth of certain psychologlc.i! processes. 

30. The analysis of variance technique is shown to have di.stinct 
limitations in the study of growth data in general, since its basic 
assumption of homogeneity of variances will seldom be fulfilled. 

31. A possible relationship between gcomctrical-nptical illusions 
and sucli perceptual phenomena as thing constancy and eidetic 
imagery is discussed. 
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I. INTRODUCTION 


An unnecessary hiatus exists* both in understanding and apprecia- 
tion, between («) those who favor the "cUincar’ approach to the 
study of personality, and (^) those who favor the ^hneasurement^^ 
approaclu One group points to the general subjectivity and limited 
verification of conclusions from the “clinical” approach. The other 
group, with equal justice, points to the incompleteness of any uni- 
form set of fonncil measurements of personaliti'^ ; to the general super- 
ficiality of objective measures of personality taken at face value; 
and, consequently) to the genuine need for subjective interpretation. 
No specially compromising spirit should be needed to observe that 
advantages and disadvantages inhere in each of the two approaches; 
that neither approach necessarily excludes the other; and that, in 
fact, measurement without clinical interpretation may be useless, 
while clinical interpretation witho^^t measurement (of one sort or 
another) is baseless. 

The present study undertakes to employ both formal measurements 
and interpretation. An attempt is made to lessen the objection 
of incompleteness, by making use of ratings in all 67 traits of the 
Read-Coniad Inventory (4) ; our particular concern in the present 
paper is with four summary-measurements derived from the ratings 
on these traits- An attempt is made to lessen the charge of sub- 
jectivity, by restraining interpretation to a fairly simple level That 
such a double-aspect procedure may combine the advantages of both 
the “clinical” and the “measurement" approaches, without the dis- 
advantages of either, would of course be far too much to expect. 
The procedure is, rather, presented as simply one additional device 
in the storehouse of techniques for the study of various aspects of 
personality. From the data of the present study, some encourage- 
ment may be gained for tentative practical application and further 
investigation. 
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II. PROBLEM 


The present study aims primarily to devise, investigate, and apply 
four personality-measures based on nursery-school teachers^ ratings 
:)f traits in the Read-Conrad Inventory (4) : 

(1) Score T is a measure of desirable or favorable deviations of 
the child’s behavior from the group- aver age. 

(2) Score U is a measure of undesirable or unfavorable deviations 
of the child’s behavior from the group-average. 

(3) Score N is a nei measure of the favorableness or unfavorable- 
ness of the child’s behavior. 

(4) Score T is a measure of the child’s total devialions (whether 
favorable or unfavorable) from the group-average, 

Details concerning the calculation of the various scores are given 
in a later section. The present report will also undertake to con- 
sider the special methodological principles involved in the scores, and 
the uses to wliich the scores nuiy properly he put. 
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III. THE SAMPLE AND THE JUDGES 

TJie ratings of behavior were made for three groups of nursery- 
school children, constituting 31 cases. Group A consisted of eight 
fqur-year-olds, rated by six judges; Group Bj oi 12 three- and four- 
year-olds, rated by four judges; Group Cj of 11 two- and three-year- 
olds, rated by seven judges. The children came almost entirely 
from professional and business families. Most of the parents had 
had more than a high school education. 

One judge rated all three groups of children; two other judges 
rated two groups; the total number of different judges is 13. Of 
these, two were staff members in the nursery school, while 1 1 were 
graduate-student assistants. All of the judges had, through pre- 
liminary practice, gained a working understanding of the instruc- 
tions and trait-definitions of the Inventory (4), The ratings were 
made independently by each judge, at the end of a semester, after 
each judge had known the children for one semester or longer. 
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IV. THE RATING SCALE 


The Rcrtd-Conrad Behamor hi^eniory for A^t/rsery School Ohil- 
dreii (4) consists of 67 selected items of behavior, to be rated on 
n seven-point scale from most to least. The traits of the Inventory 
represent more or less standard categories of behavior, concerning 
which one generally wants to have mfoimatiou when studying any 
3 ^oung child. For each trait, the two ex ti 'ernes (Levels 1 and 7) 
and the mid-point (Level 4) have been defined, as in the following 
example (Popnlarify) : 

1. Child is a favorite with the other children: other children 
like especially to have the child as a playmale, or as a member 
in group activities. 

4. Average popularity; better liked by some children than 
by others, 

7. Child is unpopular; other children seldom choose him as a 
playmate, and do noc care to have him as a member in group 
activities. 

A child judged as falliiig at some level between 1 and 4, or be- 
tween 4 and 7j is given the appropriate intermediate rating, The 
traits of tlie Inventory are listed, by title only, in the next section of 
this paper; for a fuller description, and a discussion of the basis for 
selection of the 67 traits, reference is made to a previous publica- 
tion (4). 
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V. PROCEDURE 

A. Individual and Group Averages for Each Trait 

For cacli cJiild> the mean of his ratings by the various nursery- 
school teachers on each of the 67 traits of the Read- Con rad Inveii- 
toj-y (4) was calculated. Similarly, fov each Group {/I, B, and C, 
respectively), the average^ rating by the various nursery'sehool 
teachers on each of the 67 traits of the Inventory was calculated. 
Our procedure has been to compare a child*s average rating in each 
trait With his group's average for that trait. Thus, the average 
rating is Popularity for Case G-W. (Group A) is 3.4; this is com- 
pared with his group’s average rating in this trait of 3.9. 

The use of separate averages for Groups Aj Bj and C, respectively, 
deserves some consideration. One .advantage of this procedure is 
that a child’s behavior is considered with regard to the group of 
which he is a member. Thus, in a group characterized by great 
fi4ei]d!iness (Trait No. 3), an unfriendly child would be more 
exceptional (really more unfriendly) than such a child in a group 
characterized by reserve or indifference. The present system of scoring 
take account of this fact. A further consideration in the present study 
is that Groups Aj B, and G differ considerably in age (cf. Section 
III); and whife, according to the directions, ’’each child shouJd he 
rated only in comparison with others of the same chronological age'^ 
(4, p, 471), this direction is more easily prescribed than executed. 
Experimental segregation of children into groups reasonably homo- 
geneous in age undoubtedly offers an advantage in this respect. 

On the other hand, the use of separate group-averages, when 
the groups are small, involves the risk of excessive sampling-fluctua- 
tions. We have tried to estimate the importance of this factor by 
two methods, (a) The mean difference, witliout regard to sign, 
between the group-average for each trait In Group A and in Group 
B is .36; in Group A vs. Group Gj is ,37 ; in Group B vs. Group C, 
is ,23, The corresponding “constant differences” (i.c., mean differ- 
ences with regard to sign) are — ,14, — .22, and — .08, respectively. 
Such differences, ranging from less than a tenth of a class- interval 
( — .08) to slightly over a third (.37) may be considered rcassun'ng. 
(/») Another index of agreement among trait-means in the different 
Groups is provided by the coefficient of correlation. The correlation 

^For Groups S and Cj the mean was employed; for Group d (in order 
to avoid excessive iiinuencc by one extreme case), the median. 
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between trait-means In Group // and Group B is .48; between 
Group A and Group Cj is .40; between Group B and Group C is 
.64. Factors depressing these correlation.s include not only sampling- 
fluctuations in the individual trait-means, Inic a{>o the definitely 
limited variability of the trait-means (cf. Table 1 below), and pos^ 
sibly also real differences associated with agc-cliffcrciiccs in tlie three 
groups. 


TABLE i 

D(STRlDUTrON OF MfANS OF RATINGS IN 67 TRAITS, TOR GROUPS //, h, ANB C 


Mean 

trait-rating 

Group 

/ 

Group /J 
/ 

Croup C 
/ 

S.0-5.1 



2 



4.8-+.9 

— 

— 

1 

4.6-V.7 

2 

1 

1 

4.4-4.5 

4 

4 

r> 

4.2-4,3 

6 

7 

6 

4.0-4.1 

11 

13 

20 

3.8-3.9 

’12 

16 

15 

3,6-37 

13 

7 

16 

3.4-3.S 

5 

11 

2 

3. 2-3. 3 

7 

5 

— 

3.0-3.1 

S 

1 

— 

2. 8 -2.9 

2 

— 

— 

Mean* 

3.75 

3.89 

3,97 

•Computed fiom ungroiipcd data. 


To the extent that sampling errors occur in the averages of traits 
in Groups Aj ajid C, some effect be e.xpected (r/) on tJic 
standard deviations of scores Fj U, N, and T for the total sample 
(increasing the SD*s) ; (//) on the reliability of scores (the effect 
may be positive or negative, depending on the direction and mag- 
nitude of errors) ; and (c) on the intcrcorrclations between scores. 
Tlie situation is undoubtedly mitigated by the fact that each child’s 
scores are based on ratings by from 4 to 7 judges on 67 traits — so 
that the possibility for "cancellation of errors*’ (both in sampling 
and measurement) is greater than iisual.'-^ On the whole, tlicn, it 
would appear that the statistical Rndiiigs of the present study in ay 
be accepted without any iimisual reservation. 


^Aa an illustration, Group // might he high in, say, 20 of the 67 traits, 
but compensaiingly low in 30 others (perfect "‘ca need ai ion of errors'’ is of 
course not assumed), 
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Estarlishment of Direction and Extent, of Individual 
Deviations 

The 67 traits of the Read- Con rad Inveniory (4) were classified 
into three groups as follows; 

Clnss 1 : those traits in which the most desirable behavior was 
considered to fall at level of the seven-point scale® (indicating 
a high degree of the trait). The Inventory numbers and titles of 
the 24 traits hi this group are; 

1, Popularity. 

2, to others (social participation)- 

3, PiienclUneBs to other children. 

+. Friendlmcss to ndiiUs. 

5, Social inclinalions toward individual children. 

6, Social inclinations toward a group. 

7, Companions in activities (social iKirticipation), 

a, Sense of responsibility for the group of which be ia a 
part, 

9, Sense of responsibility in play and social rcacdona. 

10. Group coopciation. 

11. Self-reliance with respect to adults. 

12. Self-sufRciency. 

13. Number of interests. 

14. Curiosity. 

15- Sustained effort in an occiipation, 

Active persi.vtetJce intere:fts or oceitpstioo, 

17. Ambition, 

18. Speed of decision. 

19. Finality of decision. 

20. Behavior response to difficulty. 

21. Recovery from emotional dj.sturhaJice- 

22. Adjustability to new aituations- 

23. Enthusiasm. 

24. Happiness^ cheerfulness ; good-humor, agrceablencss. 

If, for example, a. child^s average rating in Popularity is 2.4, while 
the group- average for this trait is 3.9, then the child’s rating differs 

is possible that the "most desirable behavior" for traits of Class 1 
falls not exactly at but somewhere between and "2" {differing 
somewhat for each particular trait). A highly precise allocation of the 
point of optiiniini is not necess.nr}' for ordin.aiy purposes; and has not beeji 
attempted in the present study, either for tiaits of Class 1, 2, or 3 (see 
below), With regard to individual differences in the point of optimiiin for 
different traits, cf- Section VII, 2 and Section VII, .J, 3, 
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from the e^roup-avci^iRc by 1.5; and since the chiUrs nvciapc latin^r 
is nenrer the optimal rating of ''V' than is the group-average, we 
count the deviation of 1.5 ns ffivorable. Had tlic chilcl's average 
rating for the trait been 5.4, his deviation from the group-average 
would be 1.5, uii favorable. 

Class 2: those traits in which the most desirable behavior was 
considered as falling in the region about the group-average for the 
trait. The Rcad-Conrad Inventory numbers and titles of the 15 
traits in this group are; 

25. Desire for alfeclion, 

26. Affectioiiatencss to adiiHs and to cliildrcii, 

27. Behavior reaction to sympathy or approval. 

28. Compliance with respect to suggestions from nthills. 

29. Compliance with respect to suggestions from cliilclrcn, 

30. Compliance in regime, 

31. Reaction to social pressure. 

32. Reaction to teasing. 

33. Rights (self assertion). 

34. Attempts at leadership in gioiip. 

3^. General stnicincnt of inhibition of emotions. 

36, Ease with which the cliild is emotionnlly affected. 

37, Degree of emotional response. 

38, Restlessness, 

39, Inspection of hurts. 

For the traits in Class 2, all deviations from the grtmp-avenigc 
are counted as unfavorable; except that a leeivay or /olerance of half 
an interval is allou^e^l beiore my deviation is counted at all. If, for 
example, a child received an average rating of (say) 3 A or 4.4 for a 
trait ill Class 2 whose group-average Is 3.9, no iiiifavo ruble devia- 
tion would be counted. If the clijld*s rating for this trait were 
2.4 or 5.4, liis unfavorable deviation (taken from 3.4 or 4.4, respec- 
tively) would be 1,0, The traits of Class 2 reflect the fact — often 
optimistically overlooked — that when the region about the group- 
average represents the optimum, an indivlcliiars liahilily to unfavor- 
able deviation is not matched by a corresponding opportunit}^ for 
favorable distinction, 

Class J,' tliosc traits in which the most dcsinible beliavinr \\as 
considered to fall at level '^7** of the seven-point scale (indicating 
absence of the trait). I he Rcad-Conrad Inventory lUimbeis and 
titles of the 28 traits in this group are as follows: 
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40. Dependence on outside suggestion and direction, 

41. Suspiciousness of jJcopJe. 

42. Apprehenaiyenesg, 

43. Fear in response to bullying, threatening commands, etc. 

44. Fear in non^social situations. 

45. Elaboration or indirectness of response to fear. 

46. Einboi’ntion or indirectness of response to failure or 

frustration. 

47. Emotional reaction to defeat. 

48. Response Avhen thwarted by other children. 

49. Eesponse when thwarted by an adult, 

50. Bossiness in a groirp or with individual playmates. 

51. Boastfulness. 

52. Fault finding. 

53. Blaming of others. 

54. Bullying. 

55. Kiithlcssness, lack of kindness and consideration for 

others. 

56. IrritabiJity. 

57. Quarrelsomeness. 

58. Ease of stimulation of anger (other than anger displayed 

in temper tantrums, when child is dealing with adults). 

59. Attacking others. 

60. Delayed retaliation (revenge). 

61. Circuitous (^^compensatory’*) retaliation, continuing and 

largely indiscriminate. 

62. Proneness to antipathies (intense, lasting hatred), 

63. Jealousy of partiality to another child, 

64. Nervous habits, 

65. Stammering. 

66. Special pcculinrity of child’s usual facial expression. 

67. Sulking. 

If, for example, a child's average rating in '"Susprcwus/resi of 
people'^ is 2.6, while the group-average for tins trait is 4.1, then 
the child’s rating differs from the group-average by 1.5; and since 
the child^s average rating is farther from the optimal rating of "^'7" 
than is the group-average, we count the deviation of 1.5 as unfavor- 
able. Had the child's average rating for the trait been 5.6, his 
deviation from the group-average would be 1.5, favorable. 

While there seems little room for doubt as to the general validity 
of the threefold classification of traits given above, it is admitted 
that the classification ma]'' be regarded as lacking in refinement. 
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It is possible for cxnmplc* that a scRiiient other than it.5 about the 
group-average sliould have been selected as “ideal” for certain traits 
in Class 2. Further discussion of the general procedure is reserved 
for a later section of this paper (Section VII). 

C. ScoRTiS F, XI, Nj AXD T 

The aim of the present study isj first of all, to devise four pci- 
sonalitj^ measures udiicli should be of value and convenience in the 
study of nursery school children. The ba^is of these measures is 
the amount by which each chiUrs average rating in cacli trait deviates 
from the group-average (rt) in n favorable direction, or (/;) in an 
unfavorable direction (cf. Section V, B above). In these terms, the 
four personality- measures for each child are defined as follows: 

1, Tile child’s score for favorable behavior (syinbolizcfl F) is 
the suin of his favorable deviations, 

2. The child’s score for unfavorable behavior ('.ynibolized l() is 
the sum of his unfavorable deviations, 

3. The child’s net behavior score ( symbol i/ccl A^) is the algebraic 
difference between his scores for favorable and for unfavorable 
behavior, A positive A^-score denotes n net favorable balance be- 
tween F and 17; a negative A^-scorc denotes an unfavorable balance, 

4, The child’s total-deviation score"* (synihollzcd 'V) is the sum, 
without regard to sign, of his scores for favorable and ft»r unfavor- 
able behavior. 

These personality measures nrc designed to indicate (^) the 
exieui of fi child’s deviations from the central tendency of his group 
(score T) ; (Z») the direction of the child's deviations (scores F, 17, 
and especially N) ; and {c) the variability^ in direction of the child’s 
deviations (score F vs. score U), The measures, it must be em- 
phasized, are offered for their own value ^ and not as a subsiUnie 
either for the detailed ratings on Individunl traits, nor for other 
inforrnatlon. Data and considerations pertinent to the validity and 
usefulness of the scores are presented in the following sections. 

D. Measures of Relationship 

Correlation in the present paper is measured by the standard 

/‘The term **total ilcvintion*' is somewhat ellipticiil, since ihc '‘total ia- 
iion score” does not, for trnits of Class 2, include deviations within zt 5 
from the g-roup- average (cf. Section V, » above). The Icim seems, how- 
ever, suFTiciently accurate for nil practical purposes. 
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Pearson Vj and also by the Bernstein r (1). The difference between 
the Pearson and Bernstein r’s is analogous to that between the mean 
and the median, or between the mean deviation and the standard 
deviation. The Benistein ;* is a first-power statistic, treating scores 
exclusively as simple arithmetic deviations from the mean; the Pear- 
son r is, in a sense, a second-power statistic, since it is based on 
sigma scores, which in turn require use of the standard deviation 
(involving squared deviations from the mean). For a strictly nor- 
mal, linear correlation surface, the Bernstein .and Pearson A arc 
numerically identical; for a skewed or irregular correlation surface 
(especially one including extreme or exceptional cases), the two 
r's arc likely to differ* In general, the extremely exceptional case 
(such as Case 4 in Table 2) will Jiave less influence in determining 
the Bernstein r tlian the Pearson r. If, for example, tJie extreme 
case falls on, or very close to, the ^'line of relation” (i.c., the line 
midway between the two regression lines), such a case will add 
more to the magnitude of the Pearson ?■ than the Bernstein r\ the 
Pearson ;• will be higher. If, on the other hand, tlie extreme case 
is discordant, i.e., falls a considerable distance from the line of rela- 
tion, such a case will reduce the Pearson r more than the Bernstein 
r: the Pearson r will be lower. 

Tile Pearson r is ordinarily to be preferred to the Bernstein r, on 
several grounds- {a) The Pearson r is much the more familiar. 
{b) The Pearson r has been thoroughly investigated, so that formulas 
for manipulation and correction (as in the Spearman-Brown proph- 
ecy formula, and correction for attenuation) are available, and have 
been tested by experience, The applicability of such formulas to the 
Bernstein Vj under conditions of non-no rmalit 3 % is not obvious. 
Finall}^ (c) the Pearson r is always definite; while the Bernstein r, 
being the geometric mean of two separate coefficients, ri and 
(which may differ in sign), becomes imaginary if one of these coeffi- 
cients is positive and the otlier negative. (Bernstein ?- = 

This difficulty (arising only when the relation between X and Y is 
low and irregular) may be readily circumvented by taking the simple 
arithmetic mean of rj and To, instead of the geometric mean. 

Although the Pearson r is, as stated, ordinarily to be preferred 
to the Bernstein Vj wc have employed the Bernstein v along with 
the Pearson because the scatter-diagrams of the present study sug- 
gested the general desirability of such a supplementary measure. 
For the present data, the Bernstein A present a picture which is 
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generally less complimentary, thougli probtTbly on the whole truer, 
than that given by the Pearson rV Statistical inaiiipulntions (such 
as represented by the Spearman- Brown foiniula) will be restricted 
to the Pearson ?■; as indicated above, this is necessary because of the 
doubtful validity of conventional formulas wlicn applied to the 
Bernstein r under conditions such as those of the present study. 



VI. STATISTICAL RESULTS 
A, Original Data and Statistical Constants 

Lack of space prohibits a presentation of the ratings by each 
teacher for each child on each of the 67 traits; the resultant scores 
for eacli child in T, 17, Nj and T are, however, listed in Table 2, 


TAI3LK 2 

Data for Individuat. Casks 


Case 

no.* 

Sex 

Age 

Favorable 

deviationa 

{F) 

Score for 

Unfavorable Net 

deviations deviation 

iu) m 

Total 

deviation 

(T) 

1 

M 

4’ 0 

6S 

7 

58 

72 

2 

M 

4- 9 

12 

45 

—33 

57 

3 

F 

4- 6 

18 

S 

10 

26 

4 

M 

4- 9 

7 

102 

—95 

109 

S 

M 

4- 9 

34 

4 

30 

39 

6 

F 

4- 6 

25 

10 

15 

35 

7 

F 

4- 9 

14 

36 

—22 

49 

3 

F 

4- 6 

n 

22 

— n 

33 

9 

F 

4- 5 

5 

16 

—11 

20 

10 

F 

4- 9 

19 

16 

3 

35 

11 

M 

4- 2 

21 

3 

13 

29 

12 

M 

4- 2 

14 

22 ^ 

— 8 

37 

13 

M 

4-10 

10 

29 

—20 

39 

14 

M 

3- 7 

8 

35 

—27 

43 

IS 

F 

3- 7 

25 

26 

— 1 

51 

16 

F 

3- 8 

12 

IS 

— 6 

30 

17 

M 

3- 5 

48 

3 

45 

51 

18 

F 

3- 9 

26 

9 

16 

35 

19 

F 

4- 1 

13 

58 

— IS 

72 

20 

F 

4- 0 

22 

17 

5 

39 

21 

F 

3- 5 

4 

38 

—34 

42 

22 

M 

3- 0 

3 

19 

—16 

21 

23 

M 

2- 6 

15 

18 

— 4 

33 

24 

M 

2-11 

33 

5 

27 

33 

25 

F 

2-11 

2t 

4 

17 

25 

26 

F 

2-10 

24 

12 

12 

37 

27 

F 

2- 7 

9 

2fi 

—IS 

37 

28 

F 

2- 1 

18 

8 

10 

25 

29 

M 

2- 6 

16 

1 

15 

17 

30 

F 

2- 7 

8 

9 

— 1 

17 

31 

M 

2-11 

2 

32 

—30 

34 


'^Cases I-B, 9-2Q, and 21*3 1 constitute Groups //, B, and (7, respectively 
(cf. text, Section III). 


Frequency distributions of the scores for the 31 cases arc provided 
in Table 3. Means, medians, and standard deviations arc given 
in Tabic 4, 
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tauli: 5 

Frequency Distrihuiions fii Scores 


Favorfiblc 

Unfavornlilc 

Net 


'Fotnl 


tlcviniions 

(n 

(Icvinllons 

W) 

ueviamui 

(A’) 

Mcviniiun 

('/•) 

Score 

1 

Score 

/ 

Score 

/ 

Score 

/ 



105-109 





105-109 

1 



100-104 

1 



l(Kl-I04 

— 


■ 

95- 99 

— 



95- 99 

— 



90- 94 





90- 94 

— 



85- 89 

— 



85- 89 

— 



80- 84 

— 



80- 

— 



75- 79 



50- 59 

1 

75- 79 

— 



70- 74 

— 

40- 49 

1 

70- 74 

2 

65-69 

1 

65- 69 

— 

30- 39 

1 

fis- 69 

— 

6e-6i 


60- 64 

— 

20- 29 

1 

60- 64 

— 

55-59 



55- 59 

1 

10- 19 

8 

55- 59 

I 

50-5+ 


50- 54 

— 

(1- 9 

2 

50- 54 

2 

4-5-49 

1 

45- 49 

1 

— 1- 10 

5 

45- 49 

1 

40-44 

_ 

40- 44 


—11- 20 

5 

40- 44 

2 

35-39 



35- 39 

3 

-21- 30 

3 

35- 39 

10 

30-3+ 

2 

30- 3+ 

1 

-31- -10 

2 

30- 34 

4 

25-29 

3 

25- 29 

3 

—41- 50 

1 

25- 29 

4 

20-2+ 

4 

20- 24 

2 

-51- 60 

— 

20- 24 

2 

lS-19 

5 

15- 19 

6 

— 6Jw 70 

— 

J5- 19 

2 

10-U 

7 

JO- 1+ 

2 

-71- SO 

— 

10- 14 

— 

5- 9 

5 

5- 9 

7 

-81- 90 

— 

5- 9 

— 

0- 4 

3 

0- 4 

4 

-91-100 

1 

0- 4 

— 

Total 

31 


31 


31 


31 


TABLE + 

STATlsrncAL CONSTAiJTS OF SCORI'S 


Measure 

Favorable 

deviations 

(F) 

Unfavorable 

deviations 

Net 

deviation 

(A') 

Total 

deviation 

(T) 

Mean 

18.0 

21.2 

— 3.6 

39.6 

Median 

15.0 

16.6 

— 3.5 

36.3 

SD 

13.4 

20.2 

28.5 

17.9 


The frequency cl is tii but ions of T^blc 3 serve to cniiihnsizc tlic 
extent of individual differences* Thus, the child highest in N is 
about 150 points or 5-)- SD’s above the cliiltl lowest in N; tlic 
most-deviating child (highest in T) has a score over six times as high 
as the least deviating. Surely such large numerical differences 
signify important personality differences for the children concerned. 
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Sadljr enough, the largest score for unfavorable deviations (17) is 
a great deal Ihghcr than for favorable deviations {F). We might 
have expected that the 15 tVaits of Class 2, which contribute to V 
but not at all to F (cf- Section V, B above), would lead to a dis- 
tribution for U Jiaviiig: a higher mean and SD than for F; some such 
effect is observable (cf. Tables 3 and +) ; hut less than one would 
suppose — evidently a ‘^lenient tendency” of the raters has at least par- 
tially intervened. In both the distribution for F and 17, low scores are 
more common than high; i,e,, the distributions are skewed- If the 
rZ-scores are thought of as negative i^-scores, belonging in the same 
distribution as the F-scorts, the resulting single distribution is rela- 
tively flat and extended, with a suggestion (probably unreliable) of 
bimodality. 

Significant individual differences occur not only in the separate 
scores for F, Nj and Tj but also in the pattern or combination 
of scores. Tliiis, of the five highest scores for T in Table 2, three 
arc based on high scores in 17 (Cases 2, 4, and 19) ; one is 

based mainly on a high score in F (Case 1) ; while one is based 
equally on scores in both F and 17 (Case 15), Cases 10, 15, 20, 
and 23 have J’-scoves practically equal to their f/-scorcs ; whereas 
others have /^-scares far in excess of U, or vic^ versa, Such differ- 
ences in the pattern or coinbinatioji of scores are not without sig- 
nificance in personality analj^sis, and suggest the importance of a 
proper balance of attention between any given score and its co- 
ordinate setting. 

B. Relations to Chronological Age and Sex 

The correlations between age, on the one hand, and scores 17, 
N, and T on the other, are respectively, .08, .31, — ,20, and .39, 
None of these correlations is reliably different from zero.'^ An 
in teres t/ng feature of tlie age- correlations is tlie perceptible tciidenc}" 
for scores to ”fan out” as the higher C/7's are reached. The reason 
for this is not definitely known. It is, however, possible that older 
children's behavior is more active, clcar-cut, and unambiguous than 
younger children's; this would lead to a more generous use of 
extreme ratings by the judges for the older children, and thus account 
for tlieir greater spread of scores. 

There are no perceptible sex- differences. The median scores for* 


such iinrdinbJe reK'icions, it Jias appc.ired superfluous to compute 
the coiTCsponding Bernstein r's. 
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boys vs. girls arc as follows: fur F, 14.5 vs. 15..^; for U, 17.0 vs. 
16.4; for N, —5.5 vs. —2.2; for T. 37,0 vs. 35.8, 

C. RnuABnj'iv or Scours 

The reliability of scores F, IF, A^ and T lias been ascertained 
first by a measure of Intcr-jud'2:c agreement, ami second by the 
odd-even (''split-half^’) technique. 

1 . luier-Judgc Agreement 

In this method, each child’s average score in each variable, based 
on half the judges' ratings, was correlated with his average score 
based on the rejnaming judges* ratings.” Hoth Hcrnstcin and Pear- 
son correlations were calculated (cf. Section V, D above), Rccause 
the necessary detailed data were lacking for Group A at the time of 
the present analysis, the correlations arc based only on the cases in 
Groups li and C ^ 23),’ In each of these two groups, the 
judges were matched so far as possible on the basis of their esti- 
mated skill and experience in rating, 2 against 2 in Group B, and 4 
against 3 in Group C (cf. Section HI above, "^Thc Sample and the 
Judges”). The correlations obtained may l>e symbtili/cd as ri^r.^ 
t'u^Vnj where llic subscripts "'F* and refer to 

ratings by the first and second sets of judges^ respectivedy. Raising 
the Pearson r’s by the Spearman-Hrown formula — the Pern stein rs 
are not known to be adapted to this technique'* — yields the reliability 
coefficients listed in Table 5 below. These reliability coefTicicnts, 
ranging from .73 to .91, with the highest reliability of .91 for what 


“In c.ilciilafmg the child’s scores, the group-avern^^e employed as llic pniiu 
of reference for each trait is based on ratings by alt the judges of the 
child’s group (cf. Section V above, “ProccdniV), 

^The median scores In Fj U, and T for the abbreviated sniiiplc are 
virtually identical with those for the total group, I'lic standard deviaiiuns 
in the abbreviated group are, however, smaller; namely, 10. 6, 13.5, 20.3, 
and 11,9, respectively. The difference in iV/J’s is caused aliiu»sl whidly by 
the absence, from the abbreviated sample, of one case with highly aber- 
rant scores (Case 4 of Group //, cf. Table 2). 

®Cf. Section V, p nbove. In the present case, formal validity cannot be 
claimed for application of tbc Spearmnn-llrnwn fnrmuln In tiie Pearson 
r's since equality is lacking in the of ratings by judges of vSel 1 vs. 
Set 2 (3, p. 20S), This inequality would l»c important, lunvcvcr, only if 
the ratings of Set 1 were de finitely more (or Ie*;s) reliable than those <i/ 
Set 2 — a contingency not, in our judgment, supported by any reasonable 
likelihood. 
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TABLE 5 

Reliacimty of Scores, Based on Corfficienfs of iNTER-JaDCc Agreement 


Reliabilily 

coefficient 


Variable 

I liter- judge agreement 

Bernstein r Pearson r 

(Spenrman- 

Brown)* 

P 

* .71 .68 

.81 

V 

.78 .79 

.88 

N 

.92 .84 

.91 

T 

,46 .58 

.73 

''^Based on Pearson r’s only (see text). 

is [)crlhips the most important score (N), seem reasonably satisfactory 

by current standards and rcsourscs in tliis field. 
Statistical constants pertinent to the coefficicjits 

o-f Tabic 5 are 


presented in Tnblc 6, 

TABLE 6 

Means and SD's of Scores from Odd-Even Sets or Judges 


Me:jji SX> 


Variable 

Set 1 

Set 2 

Set 1 

Set 2 

F 

16.2 

31.7 

9.4 

14.5 

U 

18.6 

23.9 

11.9 

15.2 

N 

— 3.0 

— 2.1 

17,4 

24.9 

r 

35.0 

+5.7 

11.3 

16.7 


2. SpUhHalf Reliability 

Each child’s score based on the odd-numbered traits of the In- 
ventory (4) Avas correlated with liis score based on the even- 

TABLE 7 

REUAniTA'nr op Scores^ Based on Spiat-Half Correlations 

Reliability 

coelEclent 


Variable 

Split-half 
Bernstein r 

correlation 

Pearson r 

(Spearman- 
Brown) * 

F 

.920 

.942 

,970 

U 

.952 

.961 

.980 

N 

.956 

.951 

.975 

T 

.908 

.952 

,975 


'*^D*ised on Pe arson /’’s only (?ee text). The coefficients in the present 
table are based on the total group ( 7 / = 31). For comparison with Table 5, 
we have calculated the split-half correlationa for the abbreviated Sfimple; 
these (raised by the Spearman-Brown formula) arc^ respectively, .941, 
.930, .976, and .932. 
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TABLE a 

Means and SfJ's of Scorj-s from Odd-Even Halves of Inventory 


Mciin SD 


Variable 

Odd 

Even 

Odd 

Even 

F 

9.0 

9.0 

6.1 

6.5 

U 

10.3 

11.1 

9.5 

10.3 

N 

— 1.7 

— 2.0 

14.1 • 

1+.7 

T 

19.4 

20.0 

8,8 

9.4 


numbered traits. Again, both Kerns tein and Pearson rs were cal- 
culated. Raising the Pearson r’s by the Spcannan-Hrtnvn formula 
yields tlic reliability coefficients given in Tabic 7 below. The high 
coefficients in this tabic doubtless reflect sonic hoosUng by the well- 
knoAvn ‘Hialo effect*^; but to attribute the high split-half reliabilities 
mainly to this spuiioiis factor would be incorrect. It will be recalled 
that the intcv-jiiclge reliability coefficients (Tabic 5), iji which 
halo-effect pla^^s no part, were also, in general, satisfactorily high.’^ 

Statistical constants for the odd -even halves of the Inventory 
employed to obtain the split-half coefficients, arc |)re>cnlcd in Table 8. 

D. Intercorkelations of Scores 

I, Correlation between Scores for Favorable aad IJ n favorable 
Deviatiojis 

The two basic scores of the present study are those for favorable 
behavior-deviations {F) and unfavorable bcliavior-dcviatioiis (U); 
the other scores, 2V and T, arc merely a subtractive or additive com- 
bination of F and V. If the correlation between F and 17 were 
highly negative (approaching — 1.00), \vc should for all practical 
purposes have not two variables, but one. Tlic actual Pearson cor- 
relation between F and JJ is — ,46 ( 7 / = 31) ; for such an r, the 
index of forecasting efficiency is only 11 per cent (2, pp. 268-269). 
The Bernstein correlation (cf. Section V, D above) is larger, — ,61, 
but still far below a level indicating close duplication between the 
two variables. Because of its basic importance, the scaltcr-diagiam 
for has been included as Table 9 of the present report. From 
the scattcr-diagram, it is clear that (except at the very exLrnni's) a 

"Other evidence of lack of a prcdomliiniit hido effect ifi die ahsi-nec of .1 
high negative correlation between F and V (cf. Section VI, 1), I bchiw, 
particularly the closing pnmgraph on "Halo effect and the correlntioil be- 
tween F and 
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TABLE q 


CorrdaLon between Scores for F (Fqvorabie Deviation) 
qnd y (Unfavorable Deviation) 



' r-i 


Total 

0- 

5- 

.9 

fO- 

/»/■ 

^5- 

20- 

m 

kSj 

B 

QB 

hSq 



55- 

sn 

6o- 

45- 

49 

/oo-yo'/ 
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Total 

3 

5 

7 

5 


3 

2 







; 

3/ 


given F or U score docs not permit dose prediction of r child^s 
I7 of score, respectively. T?he two scores would appenv to require 
(as they have in the present study received) separate calculation and 
joint considcrfilion— especidly if the measures are to be used for 
the study not only of groups but also of individual children. 
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The basic importance of the correlation, /Vr- justifies some de- 
tailed consideration of the iclationsliip between F- aiul l/-scnrcs. 

a. /I rith/neiic uecessi/y of some negative correlation be tween F 
and Vn Since the niiinber of traits judj^ed for eiich child is fixed at 
67 (the number in tlic Rend-Conrad Inventory: and since lIic coii- 
trilnitioii of any particular trait to a child\s /'-score excludes the 
possibility of contribution to his [/-score — it follows as an arithmetic 
necessity that there will be some negative correlation between F and 
[/. A child can, for example, have a very /‘-score only through 
having been credited with large favorable deviations from many 
traits; in consequence, his [/-score (except as this may he derived 
from traits of Class 2 — cf. Section V, B above) must he low. Con- 
versely, a very high [/-score necessitates a very low /"-score. But 
(as borne out in Table 9) a very low scoro in F implies no 
necessary restriction in the range of a cbiUrs [/-score, or vice versa. 
The conclusion, then, is that vvliile tlic correlation between T and F 
is necessarily negativCj the degree of negative correlation is not fixed 
nor necessarily high, 

b. Form of the Scat tei -Diagram for ri^. The fact that (n) a 
very high /’-score necessarily implies a low f /-score, (/) a very high 
[/-scare necessarily implies a low /’-score, hut (r) mtj derate or low 
F- or U-scores permit a broader range of possibilities — leads to a 
triangular-shaped scatter-diagram (Table 9)> which is neitlier nor- 
mal nor homosccdastic. Needless to say, the correlation coeflicient for 
such a surface requires careful and judicious interpretation. An other 
irregularity is the fact that the regression lines in "J'ahlc 9 arc not 
straight; this, however, is due almost wholly to mily Lliree eases at 
the extremes of the/'- or [/-distribution:^*^ for the bulk of the eases, 
linear regression lines would apparently provide a good fit. 

c. Correction for Attenuation, A reasonable question is wlictlicr 
the correlation between F and Vj although not excessively liigh nor 
rigidly fixed, would be much higher if corrected for aLteniiation. 
In considering this question, it should be recognized, first, tliat errors 
in F and U are not iincorrclated : an /-score excessively high <lLie to 
error implies, in general, a [/-score excessively low— in short, error> 
in / and U are negatively correlated. Negatively conelaLcd errors 
will, in general, expand the true negative correlation between two 

^With these three eases cxchidcd, die eon-clatuin 
(Pearson) and — .68 (Pevnstcin). 


equals — .56 



KATHERINE II. READ AND IIERDERT S, CONRAD 


185 


variables, making the raw or obtained r more highly negative than 
the true r. Correcting the raw or obtained Pearson r of — .46 be- 
tween F and U would, then, result in a ''true'' Pearson correlation 
of less tliaii — .46 (i.c,, closer to zero),^^ 

llalo Ejfecf ami ihe Cor?‘€lai}o?i beitt/ecn F and 17. The 
sources of negative correlation between F and 17 may be briefly 
enumerated: {a) a real negative relationship between the sum of 
an individual’s personality credits and his personality debits; {b) the 
arithmetic necessity of a negative correlation between scores for 
F and U calculated from a fixed number of traits (considered in 
Section a above) ; (c) negative correlation between errors of meas- 
urement in F and U (considered in Section c above) ; and finally 
(/f) '‘halo effect/’ or tJie tendency to rate an individual uniformly 
favorabl3^ or uniformly unfavorably (as the case may be), A high 
degree of “halo effect” would obviously result in a lilgh negative 
correlation between F and U, The fact that the correlation between 
F and U is no higher than it is from all these sources implies that 
the “halo effect” in the present ratings must he comparatively limited. 
We should judge that sources (n), (/»), and (c) mentioned above 
would account for at least — ,30 or — ^.35 of the Pearson Correlation: 
of — ,46 between F and 17; if this is so, the contribution of “halo” 
to the r of — .46 cannot be large, 

2. lutercorrelations befitfecn Scores F and 17 vs. F! and T 

The preceding section has indicated the need for joint considera- 
tion, rather than inverse substitution, of a child’s scores for F and V, 
A systematic method to provide such consideration is to obtain each 
child’s net score (by the formula — F — U), and his total- 

^Thc argument above requires certain theoretical qualifications, // the 
true negative correlation between F and V were very high, and // errors 
of measurement were quite large and variable, then (especially if the 
negative correlation between errors were only slight) the effect of errors 
of measurement would be not to expand, but to depress, the true negative 
correlation, None of these conditions, however, appears to be fulfilled 
in the present case, Reliability coefficients indicate that errors of measure- 
inent arc not large (cf. Section VI, C above); and this implies that the 
true negative r between F and V cannot he very different from the obtained 
r, w^hich Js certainly not very high. The degree of correlation between 
errors is not known, but from mere arithmetic necessity (in view of the 
opposed nature of F- and (/-scores) may be expected to be significant, ft 
.seems fair to conclude, them indicated in the text, that the true negative 
Pearson correlation between F and U is probably Uss than — .46 (i.e., 
closer to zero). 
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devktioii score (by the fotmvila T «= I' V). One wouUl expect 
the intercorrelations, r^.v, i'usj ''fti ''vti- I'itilh since !• en- 

ters directly into N and T and 1/ likewise enters directly 
into 'N and T (cf. Tabic 10). In spite of this, it is clear that 

TABLE to 

InFERCORRELATIONS llF.TWIiKN SCOKES F ANU V V^. N AND T 

Correlation between Bernstein r Pearson y 


Favorable behavior (F) and net behavior score (iV) .80 

Unf. Ivor able behavior \U) and net behavior score (A^) .93 — .39 

Favorable behavior (F) and total-deviation score (F) .07* .23 

Unfavorable behavior (U) ami total -deviation score (T) .6+ ,75 


•Simple average of n and r?, instead of geometric nicnn (n =— — ,0(5, 
ra = .19), Cf. Section V, Z> above. 


a cbild^s scare for N or T provides more siiecific informa- 
tion than either his or his 17-score alone. Even a correlation of 

— .89 (the highest of the four Pearson r's in Table 10) implies an 
index of forccastinp; efficiency of only slightly above 50 per cent; 
and this would be reduced^ if the corvclatiofi were corrected for 
attenuation (sec below). Tlie cnlciilation of separate iV and T 
scores, then, from F and Uj would appear justified. If the scores 
for N and T were not explicitly calculated, a crude mental approxi- 
mation to N and T would no doubt be undertaken when a child's 
scores for F and V were under consideration. 

The contrast in magnitude between (below .25) and 
(above .60) is noteworthy. For the total sample, a large part of 
this contrast appears due to the extremely high l/-scoi'c of a single 
ease in Group /I (cf, Appendix, Table 11). Ilowcvcr, a similar con- 
trast occurs in the abbreviated sample (Groups B and Cj n ^ 2Z) ) 
here rpj> is below .30 (Bernstein fj .21, Pearson r, .28) while /‘rr 
is above ,65 (Bernstein .67, Pearson r, .66), It appears in general 
(as previously indicated in Section VI, A) that, as between U and 
a very high score will more likely be U than F; this lends to raise 
the correlation vut beyond rjpj>, A similar, but smaller, effect is 
observable in the difference between and 

CovTcetion foe attenuation wonW tend to lower tUc four vntei- 
correlations, rpjf^ yp^,j nnd j'tij’/ because in each case, tlic cor- 
relation between errors of mcasiirerncnt is positive when tlic obtained 
r is positive, and negative when the obtained r is negative, 
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None of the surfaces for the four intercorrclfitiojis under consid cita- 
tion could be expected to be normal or homoscedastic. Thus, in the 
case of j'pkj a very high /^-score (since it implies a very low f/'seore) 
can be associated only with a high N'-score; but for lower values 
oi Ff such close correspondence between F and N does not neces- 
sarily hold (since low /'’-scores may or may not be accompanied by 
high scores in 17). 

As a partial check on the degree to which curvilinearity of re- 
gression enter as a factor depressing the obtained correlations, 
we have computed the multiple correlation, RriFu-i* Since T = 
F V, this multiple correlation should (unless tlic zero-order rs 
arc depressed by curvilinear regression) equal 1.00, The calculated 
value of Rt{FU) is -991; this appears close enough to 1.00 to dispel 
any suspicion that the intercorrelations in Tabic 10 might be con- 
siderably higher, if regressions were perfectly linear, 

3. Correlation between Scores N and T 

The final correlation remaining for consideration is that between 
N and T, This correlation expresses the relation between net 
favorablcncss or unfavorablencss of behavior, and the child’s total 
deviations'^ from the average ratings for liis group. Tliis con'ela- 
tion, in the total sample of 31 cases, is about — .35 (Bernstein r. 
— .33, Pearson — ,38). The small size of the correlation indi- 
cates comparative Independence between the two variables, Here, 
as before, we are dealing with a non-homoscedastic correlation sur- 
face. Correction for atteniiatiojr would I'aise the correlatio/i some- 
what, since (as can readily be shown algebraically) errors in F and 

arc virtually uncorrelated. 

'‘The Leader is reminded that, while Ihe term “total deviation" is con- 
venient find suflicicntly accurate for practical purposes, the term is some- 
what elliptical, insofar as deviations within ±.5 from the group average 
are not counted for the tiaita of Class 2 (cf. Section V, C above). 



VIL DISCUSSION 
A. Methodological Considerations 

The fiindniTicjital methodological characteristics underlyjjig the 
four pcrsDjialitj^-scorcs of the present stud]^ appear to include: (^?) 
reliance on niirserj^-scliool teachers’ ratings of ''traits*^ of young 
children, as the basic source of information concerning each child ; 
(b) uniform interpretation of a given rating as favorable, nnfavor- 
able, or (for traits of Class 2) neutral; (c) reduction of the data 
to numerical scores; (d) the use of multi-scores (F, Uj and T) 
based on a single body of original data; and {e) comparative 
independence of the procedure from a prerequisite need for other 
data (such as information on neighborhood conditions, sibling rela- 
tionships, companions, etc,). These characteristics appear to deserve 
some brief consideration. 

1. Use of Nursery School Teachers^ Rafings of ''Triiiis*' of 
Yoinii; ChUilren 

By those who emphasize the specificity of behavior, ‘^traits” have 
been criticized as oversimplifications of the multitudinous facts. By 
those who emphasize the organized character of behavior, ''traits” 
have been criticized as superficial, confusing, and unrelated to the 
'S-eal” facts of personality. These criticisms of "traits" arc not 
merely a priori, but have a foundation in observation and case 
studies. On the other hand, the ui'iltiy of traits has equally 
empirical justification (see, for example, the descriptions of cases 
below). Are these contradictions regarding the value of the trait- 
npproacli reconcilable? Probably not. For some cases, specificity 
is eipparently so great that trait-ratings are a misleading oversimpli- 
fication; for others, the relations among traits are sufficiently peculiar 
and significant to require penetrating anah'sis and insight if an3^- 
thing of much value is to be gained; but for still others — and 
peiliaps most others — tiTii Gratings appear to serve as a convenient 
means of obtaining much useful, factual information. This may be 
especially true for normal nursery-school children, among whom 
the organization (or disorganization) of behavior has not reached 
its greatest complexity. 

The use of trait ratings does not imply rejection or depreciation 
of other techniques of personality study or analysis; toward these, 
trait-ratings may often stand in an auxiliary or adjuvant relation. 
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2. Unifonnity of Interpreffitiofi of Favorable*^ aftd *"Uti{avornhle* 

Devtathns 

The clinical mind mny reel at the aiiiljicity of under taking to 
classify behavior as favorable or unfavorable, ^vitliout regard to 
the particular child in question. “What is favorable for Johiuiy 
may be just the opposite for Jimmy; and what is favorable for 
Johnny at one time may be quite unfavorable at anoilicr, Sucli 
individual differences cannot safely be ignored/' Agaiji, tliesc 
objections arc not merely a priori assertions, but rest on a foundation 
of observation and ease study, Hut again, there is strong doubt 
(also based on observation and case study) whether the objections 
have universal validity, Our impression is that such clinically^ 
minded objections apply more specifically to a clinical Johnny and 
Jimmy than to the garden variety of normal young children, For 
example, it seems self-evident that, generally speaking, “friendliness 
to other children," "group cooperation," “adjustability to new situa- 
tions," etc, (all traits from Class 1) arc traits wliicli ^vork favorably 
toward a normal child's adjustincnt; that “fault finding," “quaircU 
somenessj" "attacking others," “sulking,” etc, (all traits of Class 3) 
work unfavorably toward a normal chiUrs adjustment; and that 
extremes of behavior in "desire for affection," "reaction to social 
pressure," or "restlessness" (all traits of Class 2) also have gen- 
erally undesirable cffccts,^^ It is, of course, true that “attacking 
others," while not generally desirable, may represent a step tor ward 
for an excessively shy, inhibited child. Hut such a situation is in 
the main temporary or exceptional; it represents a special circum- 
stance (for one of the 67 traits of the Inventory), and as such, 
should be considered a condition upon the validity of the procedure 
of the present study, rather than a complete disqualification. Nothing 
in the present study of course, is intended to exclude judicious 
consideration of the developmental peculiarities of any individual 
child. 

Two other considerations regarding the uniform, group-interpreta- 
tion of “favorable" vs. "unfavorable” deserve notice, {a) The 
group-interpretation which is undertaken is simple and general. Nc) 
effort is made to classify behavior in specific detail (as to whether, 

^heae stntementa seem true enough for normnl young children in con- 
temporary American culture, and pnrliciilnrly for auch children in the typical 
nursery achool. The dependence of adjustment on cidturnl circumstance and 
mdividiial peculiarities is recognized. 



KATHERINE H. READ AND HEREERT S. CONRAD 


191 


for example, it reveals a %eed" for aggression, self-abasement, 
succorance, etc., or whether it represents introversion, dominance, 
self-sufficiency, etc.) ; instead, the classification may he considered 
simple virtually to the point of obviousness, and general virtually 
to the point of vagueness. We do not mean to imply that such 
simplicity and generality represent assets in personality analysis — 
especially since personality "analysis^' is rather beyond the scope of 
the present effort. But we do Avlsh to emphasize that, whereas uni- 
form group-interpretation might very likely fail for sucli compli- 
cated and specific analyses as are undertaken in clinical use of free 
association,- dream-analysis, etc., a fair measure of success should 
attend the much less ambitious interpretation undertaken In the 
present study. (b) Another feature favoring validity of group- 
interpretation in the present instance has already been touched on 
in a preceding section. It is the fact that the subjects of the study 
are still quite young. Not even the most extreme psychoanalyst 
would assert that the personality of the neonate compares in com- 
plexity and difficulty with that of an adult. The complexities of 
personality are a product of maturation and accumulating differences 
in experience; in both these respects, normal nursery-school children 
present a simpler situation than adults, To the extent, of course, 
that the behavior of the nursery school child Involves unique com- 
plications of motive and individual modes of emotional expression, 
a group-interpretation (even at the relatively simple and general 
level of favorable-unfavorable), may be inadequate, The relatively 
direct and uncalculating nature of the young cliild^s behavior, how- 
ever, makes such a contingency seem rather unlikely, except possibly 
for a limited number of traits, or for the atypical individual. In 
this connection, the possibility of “compensation of errors/* through 
use of the full 67 traits of the Inventory, perhaps deserves mention. 

Such case-data as are available (cf. Section VII, B, 1) support 
the working value of the scores which have been obtained. The 
desirability, however, of interpretive modification of the scores for 
some cases should be recognized. Prudence forbids the completely 
routine or blind application of any technique, especially in the field 
of personality. 

3. Reduction of Data to N nnierical Scores 

Let us recognize at once that no single personality-score, nor any 
set of four personality-scores, can replace interpretive consideration 
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of the manifold aspects ami details of a child^s personality. Two 
children with tlic same total personality-scores may have widely 
different personalities, just as two clnlclrcii with the same wciglit 
or sitting-height maj^ have widely different types of body-build. But 
this does not deny the possible value of such variables us weight, 
sitting-height^ or scores F, V, N, and 7 ' — both for tlicir nwn sake, 
and as a step toward more complete and integrated iiiulcrstanding. 

The scores F, I/, and T represent a convenient reduction 
and interpretation of a considerable mass of data. The practical 
need for some such condensation will be apparent to anyone who 
has ever been confronted with ratings on cfich of 67 traits by several 
teachers for each child in a nurscry-scliool group. The question 
is, however, whether the process of reduction has involved Mdmt a 
critic might call "‘a fatal loss of detail,*' "a crippling neglect of 
refinement,” or Procrustean disregard of essential individual 
differences.” To such questions, unqualified nr No answers 
appear to us to smack of tlic demagogic or obsessional ; and any 
answer that may now be undertaken, should be improved by further 
investigation and additional insight, 

Many of the detailed objections to use of numerical personality 
scores seems to resolve themselves into criticisms of uniformity of 
procedure. With regard to tlie interpretation of "favniahlc” vs. 
‘hinfavorable,” the basis for uniformity was presented in the previous 
section; and similar considerations apply with regard to the arith- 
metical procedure of obtaining each chiUrs score in F, U, N, and T. 
The adequacy of this justification, ma5^ however, be better judged 
if we list specifically the objections to wliich a uniform arithmetic 
procedure is subject. 

The fundamental objection is tliat a behavior-deviation of (say) 
2 may not be equally important for all traits and children, Con- 
fining our attention to ‘^normal*’ nursery-school children, and thereby 
mitigating the problem of iudividiml differences (cf. Section 2 
above), we may observe such possibilities as these: 

ft. An unfavorable deviation of (say) 2 may, in general, be more 
significant than a favorable deviation of 2 — on the ground that 
desirable traits tend to be taken more or less for granted, while 
defects arc more seidously regarded. 

b. A single large U7t favorable deviation of 3 may deserve f/rcaier 
weight than three minor unfavorable deviations of 1 cncli. 
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c. A single large favorable deviation of 3 may deserve less weight 
than three minor favorable deviations of 1 each. 

d. An unfavorable deviation of 2, based primarily on frequency 
of undesirable behavior, may deserve greater weight than an unfavor- 
able deviation of 2 based primarily on infensity of undesirable 
behavior. 

e. A favorable rating of 1 based on inconsistent extremes of 
behavior (c.g,, for a child whose friendliness averages -\-l but 
fluctuates markedly ) may deserve less weight than a favorable rating 
of 1 based on consistent behavior. 

/. The assumed homogeneity or interchangeability of traits may 
not hold true. Thus, a favorable deviation of 2 on certain highly 
social traits may be more important than a numerically equal devia- 
tion on relatively asocial traits. 

ff. Within a single trait, there may be lacking the precise balance 
of favorable and unfavorable extremes, which the scoring S 5 ^stem 
assumes. Thus, for Trait No. 18, Level ”7^’ (extreme slowness 
or irresolution of decision) is clearly unfavorable; but is Level “L* 
(exceptional promptness of decision) fo an equal degree favorable? 
For traits of Class 2 (cf. Section V, i?), the assumption involved is 
that either extreme of a trait is equally unfavorable — again a diffi- 
cult condition to fulfill exactly. 

h. Finally, it may be objected that an ideal procedure would 
require not three general classes of traits (cf. Section V, B above), 
but many more. In fact, each trait should, we suppose, have its 
own point of optimum, and its own system of scoring — ^with possibly 
also appropriate modifications for each particular child. 

Confronted with such a variety of specific possibilities, let us 
first of all admit that the scores of the present study are not exact 
or highly refined measures. An attempt at exactness and refinement 
might have been undertaken by use of elaborate weighting, or 
conditional scoring (the score for a given trait beiiig dependent oji 
the nature of the child's other ratings). But probably exactness and 
refinement cannot be won in this field without intensive case-study 
procedures; and these do not seem efficiently translatable into a 
numerical scoring system. In any event, lack of refinement does 
not prevent scores Fj Uj Nj and T from serving as definitely useful 
first approximations of the variables they aim to assess. The very 
multiplicity of detailed factors mentioned above suggests that a fair 
degree of compensation of errors may take place; and this suggestion 
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is Strengthened by the fact that the scores flrc based on ratings by 
several teachers on many traits. 

A final objection to numerical personality scores is that they lend 
themselves easily to over- use or in is- use. TJtis is, in a sense, a com- 
pliment to the convenience of numerical scores; but it may also be 
viewed as a disadvantage. All personality scores involve uniformi- 
ties of procedure which, in one respect or another, may prove 
inapplicable for certain exceptional eases. Unfortunately, there is 
no explicit safeguard agauist siicli mis-appllcation, except keen appre- 
ciation of the danger, and personal familiarity with the children 
in question. 

After all has been said that can be said against personality scores, 
the fact remains that such scores have their advantages. The service 
of Fcorcs Fj U, Nj and T in reduction or condensation of a large 
mass of data has already been mentioned, The outcome of tliis 
particular condensation is a numerical measure (or first approxima- 
tion) of fovir variables which arc of self-evident significance. The 
convenience of such numerical scores for records and statistical 
studies is obvious, Granted that cojnprclicnsivc understanding of 
the "whole personality*' requires measurement of detailed per- 
sonality-components, there should be no quarrel with an attempt to 
measure such factors as Fj U, N, and T as clicapl)" and conveniently 
as possible. It should not be overlooked, moreover, that often 
enough a personality score merely gives systematic, quantitative 
expression to a mental process which — in a crude and not-fully- 
conscioiis manner — would take place anyway. Certainly an explicit 
numerical score is better than a hazy, inaccurate, and only Jialf- 
rccognized mental surmise. 

It IS desirable, finally, to make explicit the precaution implied 
at the beginning of this section; namely, that personality scores arc 
of limited value for the study of highly complex characteristics or 
individuals. Even if the scores were perfectly valid, there would 
still be need for much additional information and interpretation. 
If the scores of the present study arc reasonably successful, it is 
probably because they aim merely to measure rather general variables, 
which do not (for the usual nursery-school sample) require much 
delicate "weighing and balancing,^* careful modification for excep 
tional factors in the situation, etc. This docs not imply Jack of 
significance for such scores: intelligence and weight, for example, 
arc also variables measured by relatively simple and uniform proce- 
dures, yet arc of unquestioned importance. 
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4* XJse of J\4itlti-Score^ 

^lulti-Rcores (or several scores obtained from a single body of 
original data) are generally subject to various objections. (^) In 
the first place, there may be only a limited basis, either empirical or 
psychological, for the particular multiple significance assigned to a 
given response, (b) Any error in the original data results in mani- 
fold (and correlated) error in the multi-scores, (r*) The scoring- 
weights employed tend to fix the correlation between the multi- 
scores; this correlation may correspond to the intrinsic reality (i.e., 
the real correlation between the traits according to external criteria), 
or it may not. Considering these points in the order named, we may 
observe, with reference to the scores of this study; (1) Although 
the present study employs multi-scores, no trait-rating has been 
assigned multiple significance. Wc have not, for example, said 
that a rating of 6 on '^friendliness to other children” carries meaning 
with regard to the child's extroversion, dominance, ncurobicism, etc. 
The significance of any trait-rating has been limited exclusively to a 
value on a ''favorable-unfavorable” continuum ; and the decision 
as to whether the given trait-rating belongs in the "favorable” or 
"unfavorable” portion of the continuum is hardly subject to much 
question, for the usual nursery-school child (cf. Section VIII, A, 2 
above). (2) A judge's error in rating any particular trait will 
generally affect all four of the scores Fj Uj Nj and Tj but it should 
be remembered that there is considerable opportunity for compensa- 
tion of errors, since each score is determined not by the rating of 
one judge on a single trait, but by several judges on many traits. 
(3) The correlations among Fj JJ , and T arc doubtless to some 

extent controlled by the aritlmietical procedures employed (cf. 
Section VI, D above) ; but because (rr) a zero-contribution of a 
trait to 17 may be accojnpanied by either a or sjtiaJl contribu- 
tion to F (or vice versa) ; and {b) the traits of Class 2 contribute 
exclusively to U (Section V, B) — it follows that the correlation 
between F and 17 is allowed considerable freedom. This point is 
of prime importance, since (as may be sliown algebraically) all other 
correlations among the four scores depend principally on />£/, 

It remains only to consider whether, in fact, the correlations 
among F, XJ, Nj and T are so high ns to render one or more of 
these variables superfluous. Data on this point liave already been 
presented in Section VI, D. It is clear that if a child has a very 
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hi^h score for favorable deviations {F)^ the remaininjr variables 
(U, N, and T) arc all closely predictable from the single score 
for F. The same is trite, of course, if the c)nl<| lias a veiy liigh 
score for U- But very high scores in either or V are, Ipso facto, 
con^paratively rave. For the great majority of cases, the range of 
concomitant scores in F, Uj Nj and T is such tliat no one score may 
safely be taken as a incasmc of another. 

5. I}i({epeu{{€uce of Procerfnre 

Data from an intelligence test can ordinarily be interpreted with- 
out extensive reliance op mucli inforniatioji external to tile test. 
Methodologically speaking, the intelligence test is a comparatively 
independent procedure, The opposite is true of such a technique 
as the free association test (as applied in the analj^sis of personality) ; 
here even an initial understanding or interpretation of the facts 
from the test is difficult, without accessory or supporting informa- 
tion on the history, likes, interests, etc., of the person undergoing 
analysis. The contrast, then, may be quite great between what 
may be termed independent vs, dependent techniques. Other things 
being equal the iiulcpcmlcnt technutue has obvious advantages in 
lower cost and greater speed. Frequently, too, tlic dependent tech- 
nique will require information which cannot he readily obtained. 

One further advantage of the independent technique deserves 
notice. The dependent technique is, in general, highly subjective; 
it typically requires sJircvvd insight based oji broad experience; a 
delicate ’hveighing and balancing*' of many facts and possibilities; 
with finally an Interpretation which is almost inevitably personal, 
frequently debatable (in one aspect or another), and practically 
Unvcrifiahlc (by the usual scientific standards of verification). De- 
pendent techniques have their place in the study of personality; 
for some cases and pioblcmSi Rny approach less imaginative, clever, 
and compliented will yield practically nothing. But for individuals 
within the range of normality, it appears that such techniques may 
be more than is needed. For normal individuals, a comparatively 
independent technique, such as that leading to scores F, JJ, Nj and T, 
may be sufficient. Further study is always desirable^ of course, if 
funds and resources permit, or if the child presents marked icliosyn' 
crasies. This, however, is the exception rather than the rule. To 
use an analogy from medicine, we need not take X-rays, f3peji the 
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abdomen for examination, and call in a staff of consultants for 
every person receiving a regular, yearly physical inspection. 

Independence of a technique, in the sense used above, docs not 
imply that the findings obtained from the technique will have no 
relations to other data, A wholly independent datum, with abso- 
lutely no relation to anything else, would of course be worthless. 
A datum may, however, be independent in origin or initial interpre- 
tation, and yet closely interrelated with many other data. Thus, 
the diagnosis of syphilis or tuberculosis is relatively independently 
arrived at; yet such a diagnosis may help to explain many other 
facts about the patient, both physical and ps>^cliologIcah The same 
applies equally to results from an intelligence test and possibly the 
scores of the present study. Not all independent data, of course, 
are equally fruitful or sig/iificant. The possibility, too, that external 
information will offer aid for a fuller appreciation or understanding 
of the comparatively independent data, should not be overlooked. 

B. Uses 

The scores of the present study rest upon use of the Rcad-Conrad 
hivenioiy (4) ; but such scores could, of course, be equally well 
derived from any comparable Inventory similarly applied. The 
essentials of the method evidently include (fl) an Inventory com- 
posed of a large number of traits, well-defined, and well-distributed 
over the various aspects of nursery-school children’s behavior; and 
{b) ratings for each child by as many competent judges as possible 
(preferably not less than four or five). With these conditions ful- 
filled, the uses outlined below are independent of the particular 
Inventory that may be applied. 

1. Uses hi Nursery-School Mnnagemeut 

One obvious use of scores Fj U, and T is to help select excep- 
tionally well-adjusted and exceptionally poorly adjusted children. 
In this process, interpretive qualification of the scores may occa- 
sionally become important; for example, while a lai'ge negative scoje 
in N may usually be taken as indicative of maladjustment, it is pos- 
sible for a child with a considerably smaller N-scorc also to be 
maladjusted. As previously stated, the scores of the present studj^ 
are not exact or liighly refined measures. All four scores should 
be considered for each child ; and back of these, if necessary, the 
judges^ ratings on the individual traits of the Inventory. 
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It goes Without saying that the poorly adjusted child in nursery 
school requires special attentioni both for his own fiood and the good 
of the other children. But the exceptionally well-adjusted child naay 
also stand in need of attention; in connection with such a child, 
it should be considered whether the nursery-school situation may 
not be encouraging merely pleasant stagnation. An extremely 
well-adjusted child in nursery school may, in the realm of per- 
sonality^ be in much the same situation as a child of 140 IQ in school 
required to do only work suited to the 100-/(? level. Satisfactory 
adjustment is one goal of the nursery school; but development is 
another; and the developing child, presented with situations suffi- 
ciently difficult to challenge his powers, is not likely to exhibit favor- 
able characteristics exclusively. 

A second use of scores Fj U, Nj Tj and the trait-ratings on which 
they arc based, is for study and review prior to interviews or con- 
sultations with parents. Here the data arc of value not only for 
their own sake, but also, sometimes, as a means of focussing the 
discussion. 

A third use of the scores from the Inventory may be found in 
the relation of a chilif s F-score to his U-score; this relation probably 
has value for indicating the general type of guidance needed by the 
child, and the degree of success likely to be achieved. Suppose, for 
example, that a child has a very hi^h unfavorable score, and a very 
lozu favorable score (c.g., Case 4, Table 2): the chances arc that 
sucli an extensively unfavorable adjustment implies a peJsonalJtj^ 
organfeed along definitely undesirable lines, rather than a mere 
aggregation of separately acquired, inappropriate reaction-units. If 
this IS so, a procedure rcstrictod to superficial "habit re- training” 
is hardly likely to yield prompt or far-reaching success. Such a 
child would appear to call for careful analysis by case-study prO' 
cedures; a serious effort to elicit home cooperation would doubtless 
be necessary, with possibly even an attempt to obtain for the child 
a complete change of environment (at least for a limited period). 
If, on the other hand, a child ’s_ high 17-score is accompanied by an 
equally high F-scoic (c.g., Cases 10, 15, and 20, Table 2), wc 
should have more hope that well planned nursery-school experience 
might be able to swing the balance, without the assistance of rela- 
tively elaborate and radical procedures. 

Not all children, of course, run a behavior-course in accord with 
the theoretical expectations just described; but practical experience 
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suggests the feasibility of tentative use of scores Fj Vj 'N, and T in 
the manner indicated (see Case Reports below), 

C^se Reports 

Case 1 has the highest favor nble-deviation (F) and the 
highest net-deyiation (A^) scores of the wliolc group (cf. 

Table 2). This child had undergone marked unfavorable 
changes in environment; yet the staff members who had known 
him for two years had seen little change in his behavior. He 
was friendly, social, yet self-sulHcient Emotionally he was 
well balanced, responsive, and not unduly disturbed by diffi- 
ciiicies. In his play ncdyitica he was original and purposeful, 
carrying elaborate projects through to completion, He stood 
ready to investigate anything. He was well liked by the other 
children. 

He was the first child born at the end of the second year of 
marriage to well-educated and apparently well-adjusted young 
parents. Both parents were devoted to the child, but firm and 
consistent in their management of him. When the child was 
t\vo-and-fl-haJf, his mother died following the birth of the 
second baby. For more than a year he had been cared for 
by an unsympathetic mother substitute, unaccustomed to young 
children, who apparently disliked him and discriminated 
against him in favor of the baby. The behavior ratings re- 
ported were made during the period when his environment 
was most unfavorable, Even this marked difference in environ- 
ment had not served to change a remarkably congistent and 
apparently stable behavior pattern. 

Case 4- has the highest unfavorable-deviation [U) and the 
lowest net-deviation (N) score of the whole group (cf. Tabic 
2). This child had been in one other nursery school; reports 
from it indicated similar unfavorable behavior. The child 
was timid, unfriendly^ destructive, bullied the other children, 
and seldom engaged in constructive activities. The other 
children played more freely when he was not present. Care- 
ful attention to his problems in nursery school and special 
handling failed to effect significant improvement. Eadical 
situational changes, directed toward modifying the child*s un- 
derlying conflicts and correcting his basic attitudes, would 
seem to be the only effective procedure for such a case. Un- 
fortunately, the home situation was such as to render such 
thoroughgoing treatment entirely impractical. Prolonged lack 
of parental understanding of the child's needs, and the lack of 
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genuine inJcitfst and affection liad apparently produced Imbita 
nntl attitudes which could not lie overcome or adequately re- 
directed by nurse ly-gchool technique. 

Cflipj lOy iSj and 20 arc cxavnplca of cusch with fairly hip;U 
total-deviation (T) scores derived almost cf]linlly from scores 
for fnvornhlc nnd unfavorable deviations (cf. Table 2). It 
ia especially in such cases, as stated above, that one would 
hope that nursery- school training miglit he able to awing 
the balance in a more definitely favorable direction , The vc- 
porta given below on Cases 10, 15, and 20 aJ'c based first 
on the observations and scores for the children dui-iiig their 
membership in the nursery-school group supervised by one 
of the authors of this papery and second, either on data 
ahtalued from hoiivc visits, or from observations made ia an 
older nursery- school group or in kindergarten. 

Cnje 10 was the only child of older parents, both of whom 
were professionally employed. They were proud of C., and 
strict nntl enreful with IicTt The bclmvigr rafiogs of the 
present study were made during the child's last yemestei in 
nursery school. C, was a large, placid child, advaiiced in her 
language development but lacking in motor skill. At the be- 
ginning, she sought the company and altcntum (if icacliers, 
largely ignoring the other children in tlic school, As slic 
slowly became interested in the compauiouship of others of 
her own agq, she made approaches which consisted of diy- 
pnraging remarks and mild aggressions, She was not popular, 
but her interest and skill in social rclalionsliips steadily, 
though slowly, improved. The kiiulei'gaitcn teacher who 
hsid C. the next Kemester reported her contacts with other 
children quite satisfactory, and in fact pronounced her an 
exceptionally well-adjusted child. 

Cfisr iS was extremely shy, dependent on the tcaclicrs, and 
lacking in self-assertion when she entered nursery scliool. 
Gradualb-^, with encouragement from the teacher and sup- 
port from a few pleasant and successful experiences, the child 
began to enter into social activity. She excelled In rhythms, 
ft-nd soon began to lead the children in this field. By The end 
of the second semester in nursery school she was playing in a 
group, standing up for her own rights, and showing n spon- 
taneity nnd breadth of play Interests which had been lacking 
earlier. The ratings of the present study were made during 
the child's first acmest&r in nursery school; ratings during the 
second semester would undoubtedly have been more favornblc. 
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Her home environment had improved at about the same time 
that she had entered nursery school. She and an older sibling 
had been cared for by relatives after her mother's death, 
until the father remarried and re-establisvhed a home. The 
stepmother, although iinaccvistomed tn children, waa sympa^ 
thctic and interested. The combination of better home condi- 
tions and nursery-school experience was apparently sufficient 
to yield sustained improvements for this child. 

Case 20 has F and U scores which are about equal and fairly 
large (22 and 17, respectively; cf. Table 2); so that she falls 
into the group for whom one might hope nursery school -^vould 
prove definitely beneficial. Through out the child's semester 
in nursery school, however, she remained asocial and apart, 
making few contacts with cither teachers or children. She 
did not stand around watching, but quietly and effectively 
followed l\er own interests, She would sit for a long time at 
the table, cutting and pasting. She shared equipment willingl)", 
exhibited a kind of passive friendliness "on request”; but she 
tended definitely to withdraw from contacts with others. The 
most that can be aaid for the nursery school in this case 
is that the child’s social adjustment did not grow worse; and 
it is, of courac, speculatively possible that the semester of 
nurse] y school did to some extent weaken the chtld^s psy- 
chological isolation from other children, even though positive 
behavior-changes to support this view were not observed. One 

tend was frequent absence by the child because of colds. 

Another possible factor was tbe mother's preference for M. 
over her older sibling, apparently because M. was more docile 
and alTectionatc, Very likely the mother really preferred to 
have the child at home than in school; at any rate, the girl 
was not returned to nursery school the following semester. 

The case reports given above illustrate the kind of evidence for 
the hypothesis that a child with a high F- or (J7-) score will usually 
resist considerable adverse (or favorable) influence; and that a 
child wdth a high T-scorc, derived equally from F and Uj may 
prove especially subject to change. The evidence is, of course, 
incomplete. Aside from the need for a much larger number of cases, 
attention must also be given to possible hereditary determinants 
(direct or indirect) of child pel-son^llin^ Such an extensive inquiry, 
however, falls far beyond the scope of the present paper. 
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2. Ednc(tiio?ial Values 

At the very least, the procedures necessary to obtain the scores 
Fj f/, N, and T should encourage alert, wclhroimded observation 
by the nursery-school teachers and their assistants. Further benefits 
depend in part on the morale of the nursery-school staff, and 
the time available for discussion and study. The ratings and scores 
provide a natural and convenient starting point for study of the 
needs and progress of individual children, for planning of programs 
appropriate to exceptional cascs> etc. In a school where a truly 
democratic spirit prevails, discussion of discrepancies in ratings or 
scores from different teachers can lead to improved understanding 
of the individuai child, and also to superior insiglit and observation 
by the staff. With such discussion, there is no danger that observR' 
don will become a ^‘closed circle,’* limited merely to the traits of 
the Inventory. Finally, it is not too much to hope that the ratings, 
followed by free and intelligent discussion of ratings and scores, 
may lead to the thoughtful, questioning, research attitude vvhicli 
is necessary for basic progress in any field. 

The educational values mentioned above apply equally, if not more 
so, to students-in-training. It is not sufficiently recognized how 
easily students — unless given proper instruction and experience — can 
develop peculiar "blind spots,** narrow or limited viewpoints, and 
a simple, "rule of thumb’* set of procedures, Of special value to 
a student is the comparison of her tr-nit-ra tings and scores for a 
given child, with the ratings and scores by the niuscry-scliool teacher, 
and by the group of students ns a whole. Competently guided dis- 
cussion of such comparisons can be very instructive and helpful. In 
the proper educational program for students of the nursery school, 
it is clear that observation, ratings, and scores such as those of tlic 
present study have a definite and significant place. 

3. Research Uses 

One of the practical and scientific questions before nursery scliools 
today is whether nursery schools exert a perceptibly favorable effect 
on preschool personality, and if so, how much and how long. In 
the study of questions like this, scores such as F, U, Nj and T offer 
many advantages. They provide Information on variables of sclf- 
eviclcat importance. The scores (if based on ratings from a sufficient 
number of judges) are reasonably reliable; they nrc experimentally 
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reproducible by different investigators in different centers; they 
are readily obtainable at comparatively low cost; and they are statis- 
ticalli' manageable and convenient. To be sure, such scores are 
not the only type of data wanted in a study of preschool per- 
sonality; detailed consideration of individual traits is also desirable, 
as well as study and analysis by more subjective and interpretive 
procedures. Nevertheless, in the battery of available techniques, 
scores such as those of the present study may provide one of the 
most feasible, convenient, and convincing approaches. These scores, 
as we have emphjisized, are not substitutive or competitive in relation 
to other devices or techniques; they may, however, safely be accorded 
the rank of e plnribus uniim. 

C. Suggestions for Further Research 

The present study represents a first exploration into the inter- 
pretive condensation or "numerical Integration" of behavior-ratings 
on the Read-Conrad Inventory (4), Now that initial results have 
indicated the value of the general procedure, it is proper to con- 
sider possibilities of refinement, and to present suggestions for 
further research. The following list, while not exhaustive, may 
prove serviceable for the immediate future. 

1, It has been suggested that scores F, U, Nj and T cannot be 
taken at face value for the "clinical," "except iomal," or "peculiar" 
individual. What proportion of cases falls In this significantly "non- 
normar* category; and what uses may the scores have for such cases? 

2. Would scores such as those of the present study prove useful 
for individuals more mature (and presumably of more complex 
personality-organization) than nursery-school children? At wliat 
age, if any, do such scores lose their general applicability? 

3. The segregation of behavior-traits into Classes 1, 2, and 3 
invites verification and refinement. One approach would be to 
determine whether children, with c.g., highly favorable scores receive, 
on the average, favorable ratings on each of the traits of Class 1 . An- 
other approach would require solicitation of the judgments of 
experts. Evidence from these two methods might or might not agree. 
In the event of agreement it might be desirable to establisli a separate 
point-of-optimum for each trait (instead of, e.g., simply "1” as the 
optimum ioi all traits of "Class 1"). 

4, Should a child's behavior-deviation on a given trait be based 
on the child's departure from the mean of his own group on the 
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trait, or on the mean of £i larger ‘'staiulanli/.ation sample?'* Tlicic 
are arguments in favor of either procedure (cf. ScctioEi V, /i), with 
empirical trial desirable in order to reach a validated conclusion. 

5. A distinction nixiy be made between the general or average 
point-of-optimum for a trait, and the personal optimum (i.c., the 
rating judged to represent the ideal score for a given child on the 
particular trait). Investigation is needed to determine wliether 
judges are able (with sufficient reliability and validity) to indicate 
such a personal optimum for each child. If they arc, then the per- 
sonal optimum on ericli trait could be employed as the reference point 
in determining a child's scores in F, Vj Nj and T. In tliis connec- 
tion, a useful comparison may be possible between scores based on 
the general vs. the personal optimum: a large discrepancy might, for 
example, indicate general non-conformity, and very likely also 
maladjustment. 

6. To what extent does the general point-of-optimum for each 
trait vary in different cultural groups (rural vs. urban, under- 
privileged vs, well-to-do, negro vs, white, Mexican-Amcrican vs. 
native white, etc.) ? To what extent docs the segregation of traits 
into Classes 1, 2, and 3 hold good in such different groiij^s? 

7. Do the traits of Classes 1, 2, and 3 contribute equally to 
scores F, U, N, and T? If not, should a system of weighting be 
devised in order to obtain at least approximate equality? Other 
problems of weighting are indicated in Section VII, A, 3 above. 

8. Could improvement of reliability and validity be better ob- 
tained by use of more judges, or by use of a longer scale than the 
Read-Conrad Invettiory? 

9. What arc the special formulas required to correct the inter- 
correlations among scores Fj U, A^ and T for attenuation? 

10. The scores of the present study arc definitely not intended 
as a summary of a child’s entire personality; nevertheless, it would 
be of interest to discover to what extent children receiving a similar 
pattern of scores in Fj U, Nj and T arc, in fact, of similar (or 
different) personality make-up, 

11. As usual in this field of measurement, there is need for the 
development of valid criteria, against which the degree of Vt'iliclity 
of the obtained scores could be tested. Case-studies (such as in 
Section VII, B above) represent a step toward a useful criterion, 
but are not sufficiently quantitative to serve with complete 
satisfaction. 
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12. The convenience of numerical scores sometimes leads to their 
undiscrlminating over-use of mis-usc. What specific techniques or 
procedures might be devised to reduce this hazard? 

While the present authors feel some obligation to pursue the prob- 
lems enumerated above, it would be preferable, from a scientific 
point of view, for further studies to issue from new and independent 
sources. Some of the most pressing problems, moreover, lie quite 
beyond the present authors’ facilities or opportunities. 



VIII. SUMMARY AND CONCLUSIONS 

1, Interpretive scores. The following four scores have been 
devised to provide an interpretive summary of ratings for children 
hi the 67 traits of the Rcad-Conrad Inventory: 

n. Score T is a measure of desirable or favorable deviations of 
tlie child’s behavior from the group-average. 

b. Score U is a mcasiirc of undesirable or unfavorable deviations 
of the child’s behavior from the group-average. 

c. Score Pi is a net measure of the favorablencss or unfavorableness 
of the child's behavior, 

d. Score T is a measure of the child’s total deviations (whether 
favorable or unfavorable) from tlic group-average. 

Details concerning the calculation of these scores arc presented in 
Section V of this paper. Tlie scores obviously summarize only tliose 
aspects of the ratings related to («) favorableness of behavior, and 
(i) extent of deviation from the group-average. It is hoped that 
tile scores may give systematic, quantitative expression to some of 
the mental processes typically employed in evaluating a child’s per- 
sonality from ratings. The scores should also serve in an auxiliary 
or adjuvant relation to other types of personality data, or other 
modes of analysis. 

2, Sajnple and jnd^/es. The sample consists of 31 children 
from the Purdue University Nursery School, aged from two to 
five years, and each rated by from four to seven judges. 

3, Individual differences in scores and pattern of scores. Wide 
individual differences occur not only in the scores for each of the 
variables Fj V, Nj and Tj but also in the pattern or combination of 
scores. Thus, a high score in T may be derived from a high P-scorc, 
a high [/-score, or a moderately higli P-score in conjunction with a 
moderately high U. Joint attention to all four variables is there- 
fore recommended; for detailed study, attention must also be given 
to the individual traits of the Inventory contributing most heavily 
to a given child’s scores. 

4, Correlations luiik age and sex. No significant correlations 
were found between scores on the one liand, and chronological age 
and sex on the other, 

5, Reliabilily, As measured by inter-judge agreement (raised 
by the Spearmnn-Rrown formula), the reliability of score F in the 
present study is .81; of U is .88; of N is .91; and of T is .73 (cf. 
Table 5). At least for scores F, Vj and Nj, these reliabilities appear 
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high enough to justify guarded or discriminating use of the scores 
for the study of individual cases. Reliabilities by the "split-half^’ 
techniques arc considerably higher (cf. Table 7). The discrepancy 
between tlie reliability coefficients by the two different methods may 
doubtless be ascribed mainly to the well-known "halo effect.^* The 
reliabilities as measured by inter-judge agreement, it should be 
observed, are free at least from any direct “halo** influence. 

6. Intercorrelations, The in tercor relations among the four scores 
have been calculated, with a view to observing the degree of overlap 
or duplication hi the four variables (cf- Section VI, D), The basic 
intercorrelation Is that between favorable and unfavorable scores 
(rjrt;), since all the other mtci'corrclations depend principally on 
this. For this basic correlation, the Pearson r is - — .46) the Bern- 
stein r (cf, Section V, 2)) is ~,61. Neither of these r^s indicates 
close duplication (the Index of forecasting efficiency for a Pearson r 
of .46 is II per cent). Because of the negative correlation between 
errors of measurement in F and conection of ;>r; for attenuation 
would result in a "true** Pearson r lower tlinn — .46 (i.e,, closer to 
z:cro). The data indicate that, for the great majority of cases, joint 
consideration of the four scores is desirable. 

7. Metimlahgicai conndevdiiQw^y The fundamental methodologi- 
cal characteristics underlying the four personality-scores of the pres- 
ent study include; {a) reliance QCi narsciy-&chQQl teachers’ ratings 
of "traits” of young children; {b) uniform interpretation of a given 
rating as favomble, unfavorable, or neutral (cf, Section V); (c) 
reduction of the data to numerical scores; (d) .the use of multi- 
scores (Fj 17^ N, and T) based on a single body of original data; 
and (^) comparative independence of the procedure from pre- 
requisite need for other data (such as information on neighbor lioofi 
conditions, sibling relationships, companions, etc.). Considerations 
bearing on these characteristics arc summarized briefly below. , , . 

({, JJse of ratings of "trails/* Probably the two prime objections 
to the use of "traits” relate to specificity and superficiality. It is 
doubtless true that for soj?te cases, specificity of behavior is apparently 
so great that trait- ratings involve misleading ovcrsiinplificatlon. Fpr 
other cases, the relationships among traits may be so peculiar and 
significant as to require, abstruse analysis and insight if any tiling of 
much value is to be gained. But for 7?iost children (especially, per- 
haps, among very young children, with presumably less complex 
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psychological organization) trait-ratings appear to serve as an effi- 
cient means of obtaining a variety of useful, factual information. 

b. Uniformity of interpretation of "favQj-ohle** and unfavorable*^ 
deviations. While it is true that 'Vhat is favorable for Johnny 
may be just tlie opposite for Jimmy," such a comment would appear 
to apply principally to a clinical Johnny and Jimmy. Generally 
speaking, it seems fairly self-evident that (to select just one trait") 
"friendliness to other children” works favorably both toward a child^s 
adjustment and the adjustment of his playmates; while "sulking^” 
"attacking others/' etc., work unfavorably. "Attacking others” may, 
to be sure, represent a step forward for an excessively shy, inhibited 
child. But such a situation is, in the main, temporary or excep- 
tional. It represents a special circumstance which — unless many 
additional traits of the Inventory are similarly involved — may sug- 
gest the desirability of occasional subjective modification of a child's 
scores, but can hardly justify rejection of the technique. 

c. Reduction of data to numerical scoj-es. The scores F, U, N, 
and T represent a reduction and interpretation of data for a child, 
based on ratings of 67 traits. The practical need for some such 
condensation is apparent; the convenience and manageability of 
numerical scores are also beyond dispute. There are, nevertheless, 
various reasonable objections to a uniform numerical procedure; 
sucli, for example, as that an unfavorable deviation of 2 may gen- 
erally prove more significant than a favorable deviation of 2, or 
that a favorable deviation of 2 in a social trait may generally be 
more significant than an equal deviation in a non-social trait; etc. 
Such considerations call attention to the fact that the scores of the 
present study are not exact or highly refined measures, Exactness 
and refinement in this field are probably not possible without intensive 
case-study procedures, Merely as they stand, however, the scores 
can serve as useful first approximations of the variables they aim to 
assess. The basis for this statement lies in the statistical findings 
mentioned above, as well as in practical experience in use of the 
scores (cf. Section 8 below). The chief necessary precaution is to 
avoid routine application of the scores when dealing with an un- 
usually complex individual or situation. 

r/. Use of 7nnlti-sco7'es. The usual objections to multi-scores 
have only limited applicability to the scores F, U^ N, and T. (^) 
No trait-rating has been assigned multiple significance. We have 
not, for example, said that a rating of 6 on "friendliness to other 
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children*’ carries meaning with regard to tlic cliilcl^s extroversion, 
dominance, ncuroticism, etc. (/>) A jiidgc^s error in rating any 
trait will affect all lour scores, but only to the extent that the 
particular error is uncompensated by ratings on the rcinainij^g 66 
traits, and by the other judges, (c) The basic intcrcorrclation, 
namely rpu is fairly low (see above). 

e. Comparative ludependence of p raced rire, A procedure which 
requires considerable accessory or supporting information (as to the 
subject’s history, likes, interests, etc.) may he termed dependent; 
the opposite type of procedure may be termed independent. In gen- 
eral, tile independent technique will be more objective, faster, and 
less costly; while the dependent technique (such as the frec-associa- 
tion procedure) will be subjective, and permit wider application of 
the examiner’s or analyst’s insight, experience, interpretation, etc. 
Given the usual limitations of funds and resources, it appears likely 
that for individuals within the broad range of normality, compara- 
tively independent procedures (such as lead to scores Uj N, and 
r) must generally be considered sufficient, Further study by addi- 
tional techniques is of course desirable for the atypical ease. 

Independence of a technique, in the sense used above, does not 
necessarily imply that the findings or scores from the technique 
will be lacking in rclatiovAS to other data. 

8. Uses. Scores Fj Uj N, and T lead themselves to a variety 
of uses, 

a. Uses in nursery school imnugementt 

(1) , The scores help to select c.xccptionally well-adjusted and 
exceptionally poorly adjusted children; both these kinds of cliildicn 
mny require special attention. 

(2) . The relation of a child’s F-scorc to his U-scorc probably has 
value for indicating the general type of guidance needed hy the child 
and the degree of success likely to be achieved by trcatiTient. Thus, a 
child with a very hi^h unfavorable and a very loiu favorable score sug- 
gests a warped personality organization, rather than a mere aggrega- 
tion of separately acquired, inappropriate reaction-units, In such a 
case, superficial "habit rc-tvaining" (while possibly a proper part of 
treatment) could hardly be expected to yield prompt or far-reaching 
success. If, on the other hand, a child’s high U-scorc is accompanied 
by an equally high F-scorc, one miglu have more hope that suitably 
planned nursery school experience should he able to swing the 
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balance in die desirable direction. Illustrative case reports bearing 
on these hypotheses arc presented in the body of the present study. 

(3). Finally, both the basic trait-ratings and the scores arc of 
convenience and value for examination prior to consultations with 
parents, 

Z>. Educahoiial values. At the very least, the procedures necessary 
to obtain the scores F, t/^ N, and T should encourage alert, well- 
rounded observation by the nursery-school teachers and their assis- 
tants, In a school where a truly democratic spirit prevails, dis- 
cussion of discrepancies in ratings or scores from different teachers 
can lead to improved understanding of the individual child, and also 
to superior insight and observation by the staff. These educational 
values apply equally, if not more so, to students in training. 

■c. Research uses. Scores F, U, Nj and T have the following 
advantages for research: (ff) they offer information on variables of 
self-evident importance; (Z^) they are reasonably reliable (espe- 
cially if ratings are obtained from a sufficient number of judges) ; 
(r) they arc experimentally reproducible by different investigators 
in different centers; (d) they are statistically manageable and con- 
venient; and (e) they are readily obtainable at comparatively low 
cost. 

9. Sii/^(;es(iotis foj- further research. A variety of problems has 
been listed for further research, such as possible modifications of 
scoring for children in different cultural or socio-economic groups; 
use of a personal vs. a general poiiit-of-optimiim for each trait; the 
applicability of scores such as those of the present study to older 
age-groups; problems of weighting; etc. 

Scores F, V, and T are not presented in wishful negation of 
the manifold complexities of personal! nor as a substitute for 
other desirable procedures, Probably no set of scores can encompass 
all the essential elements and interrelations organized in the pattern 
of an individual personality. What the scores of the present study 
do aim to provide is an interpretive summary, in terms of favorable 
and unfavorable behavior-deviations, of ratings on the 67 traits 
of the Read-Conrad Inventory. The traits of the Inventory arc 
more or less standard categories of behavior, concerning which one 
generally wishes to have information when studying any young child. 
'I'he classification into favorable, or unfavorable, while occasionally 
unsiiitcd to the exceptional or atypical case, is scarcely subject to 
serious (lucstioa as applied to most children. On the basis of practical 
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experience, supported in some respects by statistical analysis, it seems 
safe to say that the scores can /inti service for such varied functions 
as guidance, consultation with parents, professional stimulation and 
growth, tcacher^tminiiig, and losearcli. The scores arc, to be sure, 
subject to thoughtless or unintelligent inis-iise; but tliis is a limitation 
from which probably no technique in the field of personality can 
claim to be exempt. 



APPENDIX 


In order to discover the extent to which the statistical findings 
of the present study have been influenced by a single exceptional 
case (Case 4 of Group A, cf. Table 2), we have re-done certain 
calculations, excluding this case. Table 11 presents coefficients for 


TABLE H 

COMr ARISON OF CORRELATIONS FOR SAMPLE INCLUDING CASE 4 (/I = 31) AND 
FOR Sample Excluding Case 4 (;j = 30)^ 

Correiation 

n = 31 

// — 30 

Reliability coefficient of F 

.970 

,970 

Reliability coefficient of U 

.980 

.962 

Reliability coefficient of JV 

.975 

.962 

Reliability coefficient of T 

.975 

,953 

F X V 

—.46 

—.51 

F X AT 

.80 

.87 

F X T 

.23 

.47 

U XN 

—.89 

-.84 

U X T 

.75 

,50 

N X T 

— ,38 

.02 


^The correlations for the sample of 31 eases are taken from Tabic 7 and 
Section VI, D. The reliability coefficients of Table 5 are already free 
from the influence of Case +, since Group A was not included in the sample 
from which the figures of tins table were obtained (cf. Section VI, C.) 


the full sample of 31, and corresponding figures for the reduced 
sample of 30. The differences in results for the two groups are 
generally fairly small, and not of a nature to alter conclusions of 
the study, It should be observed that the figures in Table 11 are 
all Pearson r's; the effect of an exceptional case upon the correspond- 
ing Bernstein r^s is generally smaller (cf. Section V, D). 
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I. INTRODUCTION AND STATEMENT OF PROBLEM 

The experimental work hereinafter to be described was inspired 
by the writings of the late Prof. William McDoiigall of Duke Uni- 
versity. Though considerable criticism has been levelled from time 
to time against his theory of innate constitution there has been little 
if any attempt to test his theory experimentally. With his par- 
ticular list of instinctive tendencies we arc here not at all concerned. 
Nor should these experiments be interpreted as an attempt to test 
or defend his particular theory of instinct in all of its ramifications. 
However, one of the most obvious facts of casual observation is that 
of differentiated behavior, in both men and animals. In spite of the 
profound modification of behavior thiough environmental influences 
one wonders in how far such differentiation may be rooted in innate 
constitution. Our concern is therefore piimarily with (a) an experi- 
mental investigation of the existence of innately differentiated be- 
havior tendencies) and (6) a suitable criterion for differentiating 
possible factors of innate constitution. 

The problem of innate constitution is one of the greatest theo- 
retical and practical importance, Theoretical, in that it involves an 
analysis and understanding of the dynamics of human and animal 
behavior; practical, in that our conception of the nature of these 
motivating forces underlies all education, political, economic, and 
other social philosophy. Educational theory and practice, for exam- 
ple, will vary widely ns behavior is viewed as a product of environ- 
mental conditioning or as a discipline of dispositions rooted in Innate 
constitution. The Importance of the problem is further accentuated 
when wc reflect that an expressed or implied solution of the problem 
is well-nigh inescapable, The common insistence of educators upon 
the problem of "individual differences,’* and of progressive education 
upon "inner motivation” afford excellent examples. 

There has been a tendency to neglect research in the general field 
of heredity and environment as futilci confusing, and unnecessary. 
Since behavior must of necessity find its initial expression in a given 
environment it is often impossible to determine, in a given situation, 
just which factors have a basis in innate constitution and which 
in environmental conditions. Shepard and Breed’s famous experi- 
ments with the pecking of chicks, for example, may be quoted in sup- 
port of either point of view. Further, the developmental or organis- 
mlc point of view tends to regard heredity and environment as 
aspects of total organization. Thus the problem of innate consti- 
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tution, in so far as it implies an antithetical environment, easily be- 
comes absorbed in the view of organic totality. For these reasons 
especially, the problem of heredity and environment tends to be 
pigeon-holed as one of the fruitless speculations of historical psy- 
chology, and one so intrepid as to attempt to revive it is ini mediately 
subject to suspicious scrutiny. 

Granting this dcvclopnicnlal process as a function of the total 
organism, however, this ijisepa lability need not become so absolute 
as to preclude all possibility of fruitful analysis through artificial 
abstraction. Concentration upon organic totality affords an intrigu- 
ing and valuable view of the organism and its development in its 
dynamic aspects. As such, however, it can afford hut little insight 
into the nature of its organization. What is it that underlies and 
gives direction to this 'Mynamlc self-organization” of the individual 
organism? After all, it is surely legitimate to consid-r the ”indi- 
vidual” in abstraction from the cosmic whole. 

The psycho-physical aspects of organization (not necessarily a 
metaphysical dificrentiation) appear to he integrally related, i.e., 
structure, function, predisposition and perceptual ability arc aspects 
of total organization, and as sucli can scarcely be differentiated as 
“innate” or “acquired.” E,g., that there are structural difference? 
between various species of animals goes without saying. Anatomi- 
cal and physiological differences have always constituted a basis of 
rrkajor importance in the classification of animals. Further, the struc- 
tural and functional aspects of animal organization arc so closely asso- 
ciated as to equip, individually and collectively, for more or less speci- 
fic types of behavior. The web feet of the duck, for example, the oily 
skin, the buoyant body and the flat keel, adapt him admirably foi 
a semi-aquatic existence as compared with the structuro-fiinctionai 
organization of the chick. The claw-like feet of the chick, on the 
other hand, make it adaptable for scratching, roosting, etc., types of 
behavior for which the cluck is not at all adapted. 

Integrated with this struct uro-fuuctloual aspect of animal or- 
ganization, may we also assume at least a constitutional basis for 
psychological organization, involving a predisposition to character- 
istic individual and social types of behavior, as further aspects of 
total organization? That is, is there an innate tendency to respond 
more readily to environmental stimuli which arc by nature suited 
to innately given structure and function? Further, is there a con- 
stitutional basis for social (gregarious) behavior, a tendency to 
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"associate with like kind,” to respond more readily to visual and. 
auditory stimuli from like kind rather than from unlike kind? 
And finally, does this gregarious tendency necessarily involve the 
inference of a perceptual abilit5'^, which functions in distinguishing 
like from unlike kind and is somehow integrated with die disposition 
to go to like kind? 

Such a concept, of course, involves some kind of maturation 
hypothesis, a progressive developmental process of organization. For 
example, while it seems highly improbable that a freslily laid, fertile 
egg should respond to sensori stimuli (except temperature), Kuo has 
demonstrated, in his fascinating experiments with embryonic chicks, 
that they may respond to touch, pressure, sound, and light after a 
period of incubation. It does not seem probable that they would 
differentiate sounds emanating from animals of like or unlike species, 
however, at this period. Such differentiated response has not yet 
developed, is not called for by the "need” of the organism until at 
least some hours after hatching. If it could be demonstrated, how- 
ever, that chicks and ducks, for example, do differ in their response 
to like and unlike kind shortly after hatching, and if at the same 
time it could be demonstrated that such differentiation was not due 
to environmental factors, it might be reasonably inferred that such 
differentiation or cognitive ability has an innate basis, and may be 
regarded as the "maturation” of such cognitive ability as the organism 
has "need,” i.e,, as the naUire of the organism and its environment 
develop into a progressively integrated and enlarged unitary whole. 

After hatching, however, we note a strong tendency of chicks 
and ducks to associate with tike kind. 'Though this is often attributed 
to environmental circumstances it is quite possible that such tendencies 
and perceptual abilities constitute an integral aspect of organization 
viewed as a whole. Thus Schjelderup-Ebbe says tliat "each bird 
learns more easily to distint/ nish individuals of its own species than 
it does to distinguish individuals of another species.” 

In a thought-provoking discussion of what he terms the "differ- 
ential point of view,” Howells points out what promises to be a 
most effective method of coping with the elusive though persistent 
problems of heredity and environment. He says that the chief ob* 
Stacie in the way of dealing with the problem lies in the conven- 
tional concept of heredity as "static and absolute” rather than 
"dynamic and compamtive.” Actually there is no way of determining 
when the "outer” factors begin to Interact with the "inner” factors. 
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As the problems of heredity are compnrativc problems throuf^boiit, 
all practical definitions must be relative or dirtcicntial onl}^ What 
is required » therefore, is some arhitrary point of differentialioti and 
some method of (liffcrenttiitififf the factors winch then may be desig- 
nated as representinij the ''Inner** and the "outer” factors. As the 
pre-natal conditions arc largely beyond observation and it is easier 
to control the outer factors from birth on, lie selects "hirtli” as the 
obvious point of differentiation. Heredity may then be defined as 
tile '‘dynamic pattern of differential factors which arc present in 
the organism at birth.*' He suggests that the "dynamic” criterion 
of "ease of learning” be substituted for the older equivocal and 
"static” criterion of "appearance without practice" or "unlcarned- 
ness” as the 7netho(l of differentiating innate factors. In oiir dis- 
cussions we shall adopt the general import of the term "ease of learn- 
ing*” As our experiments are not concerned with typical “learning” 
situations, however (except for our last experiment), we prefer a 
modification of this criterion which for our purpose might better be 
termed "facility of response” in an equivalent situation. 

From this point of view there can scarcely be any objection to 
setting up an arbitrary point in the developmental process and 
to determine to what degree the development Up to this point exerts 
a determining influence upon suhsequent development, Those factors 
present in the organism at birth, which represent development xip 
to thU point and which arc at the same time partial determinants of 
subsequent behavior we shall regard as and as representlug 

innate cQUsiitntion^ Those conditions surrounding the organism at 
birth, and which are partial determinants of further development we 
shall regard as external ^ and as re presenting environmental inflnencc^ 

Given this point of departure — the organism at birth — we now 
proceed to a discussion of the variables involved in an experimental 
investigation of the factors of heredity and environment. 

A. Two Sets of Variables — Heredity and Environment 

In the manipulation of any two sets of variables, two, tind only 
two, methods are possible. Thus in our consideration of the two 
variables, heredity and environment, we have two possible methods 
of experimental approach, each with its own peculiar advantages 
and disadvantages,^ 

^Psychological llternture has conirilmted much in llic nature of HTfcon- 
trollcd obscrvalions ol animal behavior, mtli which we arc here not par- 
ticularly concerned. 
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1, Heredity JVIay Be Held Con slant While Knvironjnent Is Vaj'ied 

One of tile best known experiments of this type is Kuo’s oft-quoted 
experiment of the ‘^Genesis of the Cat^s response to the Rat.*' Kuo 
varied the diet and other environmental conditions of the cats and 
tlien noted their behavior with respect to rats. The results indi- 
cated clearly that environment played an important role with re- 
spect to cat-rat behavior. The experiment is particularly interesting 
in that it has so often been quoted, erroneonslyj as evidence for the 
non-existence of innate tendencies. This does not mean, of course, 
that there is such a thing as a cat-rat killing tendency. It means 
only that where the heredity factor is held constant one is war- 
ranted in drawing conclusions o?ily with respect to the influence of 
varied environmental factors, not with respect to heredity factors. 
An important exception must be noted, however, in the experimental 
work being carried on with identical twins. In these researches 
the environmental factor is a variable, but, instead of being designed 
to determine how environment may change native constitution, they 
arc carried on with the purpose of determining how constant the 
factor of innate constitution may remain under greatly different 
environmental conditions, The heredity factor being assumed in 
this instance^ the aim is not so much to determine its nature as it is 
to determine its strength, 

2. Environment May Be Held Constant While Heredity Is Varied 

This method, that of keeping the environment factor constant 
while varying the heredity factor, is essentially the one proposed by 
Howells, and is the one employed in the present experiments. Bar- 
ring the exception just referred to, it is the only method which 
can afford direct, compelling evidence bearing on innate constitu- 
tional factors. For, by mainlaining the environment constant, from 
birth, any differentiation in behavior must be regarded as rooted in 
innate constitutional differences. 

While we are primarily concerned with the nature of human 
heredity, and hence with its bearing on human individual and social 
(and educational) psychology, it is often difficult to experiment 
with human material. This difficulty led to the selection of chicks 
and ducks as sufficiently differentiated animals, and which could 
be easily manipulated, and whose environment could be readily 
controlled and held constant from birth. It is confidently assumed, 
however, that if the validity of the concept of psychological inheri- 
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tance can be cstahlislicd Oil a lower phylogenetic level it can be 
applied equally to human inheritance and human nature, even though 
it be obscured by the lonRcr i>cTii)d of '’iniancy/' Such a concept 
should be of the utmost importance for the nature of human indi- 
vidual and social oi'fiiini/ation and educational procedure. 

]1. Statement op Pjioiu.cm 

If chicks and ducks, hatched at the same time, in the same incu- 
bator, in equal luiinbcrs of each, and reared in the same environ- 
ment from birth, and thus with “equal onportunity to learn,'* or 
better, "with equal opportunity for differential response," arc able 
to distinguish like from unlike kind, and tend more readily to 
associate with like rather than with unlike kind, such ability and 
tendency, appearing in the lace of equivalent environment, cannot 
be interpreted in terms of environmental factors only but must be 
regarded as aspects of total "chick” and “d licit” organization, and 
hence as having their basis in innate constitution. 

C. Plan of tiii: Study 

The experimental section of this (lisciis.don is divided into four 
parts, (rt) "Field Studies” is an account of prclimiiuiry controlled 
observations, These were largely of an c.xploratoiy nature and were 
conducted as a basis for more elaborate experimentation, (b) "The 
Tendency of Newly-Hatched Chicks and Ducks to Approach Like 
Kind," deals with the spontaneous social behavior of animals in 
a "free choice” situation. The vvritcr regards this experiment as 
the most important of this series, (c) "Affective Response to Simul- 
taneous Shocking of Like and Unlike Animals under Equivalent 
Environmental Conditions,” deals with the initial social responses 
of animals to cries of like and unlike kind, (d) The fourth part 
deals with the "Positive and Negative Responses of Chicks and 
Ducks to Their Initial Perception of Water,'' 



II. FIELD STUDIES 
A, Period of Incubation 

First* of course* was the necessity of de lev mining the period re- 
quired for incubation, so as to insure as nearly simultaneous a hatch 
of chicks and ducks as possible. This period seemed to differ 
slightly with breeds and perhaps with seasons. 

IL Initiai. Hespokse to Drinking Water 

Each chick and duck upon being removed from the brooder 
for the first experience with food and water was placed individually 
in a small wire, compartment, with n small round tin, three inches 
across and in. deep, filled with water and placed in the center 
of the compartment. A brief characteristic description for each 
species will suffice to illustrate the different behavior elicited upon 
initial perception of water to drink. 

Duc/i No. 3 (/7 sturdy indtvidfi/rl — a drakt?). Walks about, 
peeping lustily. At 4 sec, steps in water. Noticed and sought 
drops on floor at edge of tin. At % min. stepped in tin, stood 
in and sought to drink from the floor; 5 sec. later found water 
and drank 7 limes, continued to seek water on floor near tin 
(to drink) 7 times — drank twice from tin, then twice from 
floor, drank 4 times — wejit through motions of clrinkhff water 
from the tin {oUr Umes, fivlihout ncinoHy touching water — 
drank twice from tin — went through motions t*wlcr without 
touching water — drank from tin twice — went through motions 
once. After \l min. stood in water while making drinking 
motions four times, then made the motions nine times touching 
wet floor each time, but no water. Then drank 5 times while 
still standing in the water, then four iivirs making the mo- 
tions without touching anything. Then 26 times in succes- 
sion, touching floor (now wet in places). Then 11 times on 
the floor, then 3 actual drinks — then began peeping again. 

After 16 min. (from start) ‘Mrank*^ 7 limes from the floor. 

One mill, later pm bill in water twice, now making 
\ii(j noises’* and slinking the head. Then 5 timers made similar 
^‘noises” in the water, once on floor. Then took a drink. 
Began walking around, for 2 min,, without further drinking. 

Then walked past water once, then through, without paying 
attention to it. Then walks through water 4 times, giving no 
apparent nttcuiinn to u. Peeps anti makes '^senvehing” noises iir 
water on floor again (lliough care lias been taken to keep floor 
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nncl wntcr free from itII particlen of fnoJ, clc.) /Vftcr 21 min. h 
Inkcn out, since continues lo wnlk uljoi'it, peepinR, 

Apparcnlly llic perception of ilio wntcr called forili boih 
llic "drinktnR responses" and the chnractcriatlc ^‘stmining 
movements'^ with the hill, upon Us very first presentation. 

CoiUrasicd with lliiH type of i espouse is that nf the cliick, 

Nd. 2. After min. stepped in wnlcr with one foot nncl 
stood thus for 10 sec. Gave no nltcntion whatever to water. 

Stepped in three times in 1 and ^ min. Pcciccd once nt the 
surface of the water, did not drinh. After 4 inin„ stepped 
in again and fell in it. Took one drink. One min. Inter stepped 
in agfliii, Riving no nUention. Removed after 8 min. (from 
start), having given no more Attention to the water, 

Chicks and clucks differ greatly in their initial response to water. 
Difference in sensitivity of the feet doubtless plays an important 
part, though it must be regarded as but an aspect of the total in- 
tegrated ‘^nature'' of the duck. 

C, Initial Rusponsk to Food 

Food pan (containing dry mash), and water tin (shallow tin 
cover* as above) were placed 2)/^ ft, apart. Chicks gather about 
food pan particularly, eating constantly! and drinking only occa- 
sionally. 

Ducks gather constantly about the water tin. Then they go to 
the food pan, peek at the food four or five times (sometimes only 
once or twice) and then run rapidly to the WJiter, drink, and run 
back to the food pan, repeating this with considerable regularity for 
as long as five or six minutes without perceptible let-up. This was 
very characteristic behavior of the ducks with any kind of food, 
though slightly more so with the dry mash. The impulsive, *'liur- 
ried*’ behavior of the ducks is strongly in evidence, but cannot alone 
account for behavioral differences. Observations were made at 
initial feeding, when 36 hours old. 

D, Drinking Responses to Other Presentations 

A mirror (8 x 12 in.) was placed on the lawn. Thu ducks 
approached it almost immediately, pushing tlieir bills across it re- 
peatedly as they walked, and sometimes along its edge. To nil appear- 
aivzes^ tUdr heh^viov was txttatly slmihr to m wata. 

A circular piece of white oil-cloth (3 ft. in diam.) placed on the 



JOHN fl. SCHOOLLAND 


231 


lawn called forth similar responses from the ducks. The chicks, 
however, in both instances either ignored or pecked only casually 
at the surface («age, four weeks). 

E, Flight in Response to Cries of Distress 

On one occasion seven chicks and^ seven ducks (five days old) 
were feeding on chopped lettuce, of which the ducks especially are 
very fond. They were all on a narrow platform, 1x3 ft., In front 
of the brooder. The observer quite coincidentally picked up a chick 
from another group. Accidentally it slipped through his fingers and 
was caught by one foot. It cried out lustily. Immediately the 
seven chicks ran into the brooder, while the seven ducks continued 
eating, 


F. Food Preferences 

Ducks are very fond of chopped lettuce from the very first day. 
They eat it eagerly, often in preference to other foods. Chicks on the 
other hand, are very found of the dry ^'starter mash.*^ The ducks 
care less for this, and when eating it they wash it down wilh 
frequent drinks of water* 

The ducks seek particles of food at the bottom of their water 
tin. The chicks content themselves with pecking at particles floating 
on the surface. These differences in uiitial behavior may again be 
intimately correlated with structural differences, with the difference 
between bill and beak, and perhaps also differences in vision. Inci- 
dentally, the ducks are far more Impulsive and energetic in their 
eating habits, as they are in most phases of their behavior, 

G. Preference for Duck or Hen Egg as Food 

The difference in the quality of pre-natal nutrition suggested a 
possible preference for egg, especially of like species, as food. Accord- 
ingly, unfertilized duck and hen eggs were prepared for their first 
feeding, when the animals were 36 hours old. The eggs were 
boiled for one hour, cut cross-ways, weighed, and placed in circular 
holes cut in a small board 3 x 8 x 1 in. (see Figure 1). These 
boards were then placed in separate compartments containing three 
ducks and tliree chicks respectively. Here they were left for 5 miiit 
periods, the position of the egg in each board being reversed every 
30 seconds by turning the board through an angle of 180 degrees. 



232 


GENETIC l■SVC^10^.0f:Y MONOGRAPHS 


© ® 


FKtURK I 

TWO Boards Coktainino Compi.ementary Halves ok Duck Erg ( D ) and 

Hen EcjG KOR DETERMINISL' Ej;G ERKKERENCli 

The difference in wci[»ht was then noted, with the following 
results: 

1. The preference, in ench Instance, both for chicks and ducks, 
was for the egg yolk. The white was catca only after the yolk 
had disappeared. 

2. Little preference was shown for either kind of egg. 

3. Chicks often ignored the egg throughout the whole five- 
niiiuitc period. The ducks invariably attacked the egg and ate it 
greedily. 

4. The ducks (both at this age and later), seemed to prefer the 
egg to other kinds of food. This was not nearly so pronounced with 
the chicks. 

5. The chicks, when they did cat, usually gathered about the 

same egg, pecked dclibcratcl.v, and seldom left to drink from the 
water fountain placed at u distance of about 2}4 ft. from the egg. 
The ducks on the other hand, ate greedily, for a drink 

of water with every three or four pecks at food, returning hap- 
hazardly to one or other of the eggs. This, together with their 
impulsiveness and greediness, made the technique rather cUfTicuit. 
Occasionally they would transfer from one egg to another, but 
usually only when a drink intervened. 

6. Chicks which at first ignored tlic egg would soon approach 
when placed with ducks already eating. Tlicy engaged preferably, 
however, in pecking at small particles lying about than at the egg 
itself, suggesting perhaps visual qiid other differences. In 90 min. 
84 ducks ate 89 gr. duck e^g and 79 gr. hen egg. In 45 min. 39 
chicks ate 21 gr. duck egg and 20 gr, hen egg. 

For >vant of time and difficulty of technique this experiment was 
not carried through to completion. But it offers interesting possi- 
bilities. It is possible, too, that the boiling of the eggs was an error. 
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H. Initial Response to Water Tank at One Week 

At one week of age these sflme chicks and ducks (reared together 
irom birth) were placed, two each at one time, in a cage, 2x4 ft., 
with a water bath, 11 x 17 in., and 5 in. deep, near one end of the 
cage. None of the animals Jiad ever experienced water other than 
that in their inverted drinking fountain, which was just enough to 
wet the bill. 

Invariably the ducks hastened to the water, launching forth with- 
out apparent hesitation, and swam about in apparent fearlessness. 
They usually emerged from the first plunge within 15 seconds, only 
to return within as many more. Several even dived completely 
and repeatedly under the surface of the water, emerging a foot or 
so away and throwing water with their heads. 

The chicks would sometimes run to the water zuith ihe ducks, 
sometimes approach more casuall}^, then walk near the edge, and 
withdraw. None made any attempt to enter. One, however, which 
inadvertently slipped and fell in, struggled desperately to escape — 
conduct very different from that of the ducks entering the water. 

It should be noted in this connection, however, that a con- 
siderable number of ducks, some of one week and some of six weeks 
of age, when placed in water for the first time (never having been 
in water before), invariably zvalked, if the shallowness of the water 
permitted. It was only as the depth of the water was gradually 
iucYcased they gradully vvsiug hisHev tKeiv toes, 

until, when the toes could no longer reach, they pulled the legs 
up in swimming position and swam about. 

Although the initial response of chicks and ducks to the percep- 
tion of water differs greatly, even when presented in groups of 
equal numbers of each, it may be, of course, that the natural greater 
buoyancy of the duck plays a considerable role in further behavior, 
once the animal is launched. This serves once more to emphasize 
the integration of anatomical characteristics. 

1. Initial Response to Water at Five Months 

Three ducks and tlirec chickens, hatched together and reared to- 
gether^ from birth, in close confine me ntj had never experienced more 
water at one time than could be contained in a can five inches across 
and three and one-half inches deep. (These animals had not been 
used in any previous experiments.) James’ famous theory of ^‘transi- 
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torincss of instincts” sup^gcstcd an experiment. On a warm mid- 
summer afternoon the nnimals were Riven fresh, cool water to 
drink. When they had quenched their thirst, an empty galvanized- 
iron tub Avas placed upon a box one foot IurIi iji their runway. 
Then it was filled very quietly from a garden hose. Next it was 
set upon the ground, empty, and then filled as hcforc. Later it 
was placed in the grotind, so that tlic level of tlic water was even 
with the ground, but with wire poultry netting entirely encircling 
it. The behavior of both chickens and ducks was noted after each 
presentation. All were somewhat ^curious” at first, When the tub 
was placed upon the ground, filled, the ducks began to show excite- 
ment as they walked about it, in strong contrast to the idly “curious” 
behavior of the chickens. When the tub was placed m the ground, 
but with wire preventing entry, the ducks became greatly excited. 
They made “searching” movements with their bills along its edge. 
While the chickens walked indifferently at a distance, the former 
disported themselves, ^‘ducking” their licads and bodies up and down, 
rising high on their legs, and flapping their wings, and generally act- 
ing much like ducks enjoying a long-delayed swim. After some 10 
minutes of this they walked off, and spent some minutes preeniuff 
iheir feathers from neck to tail, just as though tlicy had had a swim, 
though the feathers were perfectly dry! The difference in bcliavior 
is all the more significant in that tlie ducks and cliickcns had been 
reared In the same environment from birth, with equal opportunity 
to learn, and yet showed this differentiated behavior. This be- 
havior was recorded throughout on motion-picture film, 

Another interesting type of heliavior was differentiated under 
these equivalent environmental conditions. Tlie ducks walked ex- 
citedly around the tub, bobbing their heads up and clown. At the 
height of their excitement, apparently, two of the ducks engaged in 
the mating act, observed in this group for the first time. This 
“bobbing” of the head at the perception of a pond of water is very 
similar to the behavior which customarily precedes or accompanies 
the mating act, This same “bobbing” was also observed among 
younger ducks, from six weeks of age onward, when they were thirsty 
and heard running water. Thus one type of physical expression 
seems to be closely associated with three major activities, those of 
swimming, mating, and drinking. 

The wire screen is now removed. Ducks excitedly drink and 
put their heads far beneath the water (tlicir first opportunity)- 
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After 30 seconds one duck ‘‘drops’' in the water and swims across, 
emerging on the other side in about five seconds. After 2^ minutes 
another enters, swims across, and emerges likewise in about five 
seconds. Three minutes later the drake enters and emerges similarly. 
Egress is accompanied by rising high on the legs and vigorously 
flapping the wings. They continue flapping and preening for 15 
minutes more, during which time three other entries are made. 
The chickens meanwhile are several feet from the water, giving little 
if any heed. 

Food is then throAvn into the water (cracked grain). The ducks 
eagerly “screen” for it on the surface. The hens approach and 
peck at floating particles. When the surface particles have mostly 
disappeared the chickens walk away. The ducks continue to seek 
food by putting their heads far under water for considerable periods, 
Soon the drake enters the water and continues this method of feed- 
ing* The water is removed after 20 minutes. 

J. Response to Third Dimensional Relations 

The spontaneous launching forth of the ducks into the water sug- 
gests another related type of behavior. How would chicks and 
ducks behave in descending from a slight elevation? 

Thirteen chicks and 13 ducks (hatched and reared simultaneously, 
in equal numbers of eacli) were placed one at a time on a box 2 in. 
in height, immediately after being taken from the incubator, 12 to 
24 hours after hatching, It was their first exit from the incubator, 
never yet having experienced either food or water. The box and 
the surrounding area beneath were completely covered with white 
paper, to avoid brightness difference. Two animals of each species 
were placed in a small cage at a distance of two feet to attract 
the individual on the box In a given direction. 

The ducks immediately ran off the box as though running on a 
level surface, The chicks quite similarly, but alighting with greater 
success, 

Next, a box 6 in. high was substituted for the other. Again the 
ducks launched forth, with very little if any hesitation. The chicks, 
on the other hand, paused at the edge, frequently walking for a 
short distance along the edge, then deliberately ]umphig down. 

Finally a box 1 ft. high was substituted, covered as before. The 
ducks gave evidence of hesitation in some cases, but usually plunged 
impulsively over the edge, Tlic chicks showed even more de- 
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UbevJ^tlon than hetnrc^ pausing long us onc-half minute, and 
walking back and forth along tlic edge before down. 

This experiment again indicates a iliifcicncc in visual quality, or 
a native impulsiveness, or bath. And it may be related to the 
impulsive launching forth upon the water as in the foregoing experi- 
ment, In any event, it again appears to give evidence of an or- 
ganii'-ation of factors into an integral whole. Also, under the condi- 
tions imposed (of environmental equivalence, from birth) it affords 
evidence for innate differentiation of behavior. 

K, Comfetitiok Foa Food, and Ckssation of Flight Upon 
S^VAT.LO^VlKG 

Another observation merits a brief note. The greater appetite 
and greediness on the part of the ducks for food and water has 
already been noted. Coinciding with this is the tendency of the 
duck to gulp his food quickly when another attempts to take it 
from him. The chick tends much move readily to run with it, 
frequently giving more attention to possible pursuit than to the 
swallowing of the food. This suggests another inter-relation of 
anatomical and psychological factors, as the duck is adequately 
equipped for peeking his food to pieces and is obviously handicapped 
in lacomotioni es^pecially on land. 

Another interesting phenomenon is the sudden cessation of escape 
activity, especially on the part of the duck, as soon as the morsel 
competed for has been stualloived, A precipitate flight may be 
terminated. Doubtless this is learned, but very readily. 

L. Different Responses to Water and Dust Presented 
Together 

Another experiment provided an environment with two varied 
aspects, in order to differentiate behavior of chicks and ducks reared 
in an equivalent environment from birth. At two weeks of age, a 
group of animals (not used in any previous experiment), four 
chicks and four ducks, were placed in a wire enclosure in a shaded 
spot, on a hot afternoon. A circular strip of wire netting enclosed 
a dry, hot, dusty piece of ground, 2^ feet in diameter. A small 
place about eight inches iii diameter had been scooped out at one 
side and filled with water. None of the animals had been on bare 
soil before, but were closely confined cither on a board door or on a 
thick grassy plot. 
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A description of one group will suffice ior the several used. The 
ducks immediately approached the water, entered and engaged in 
pushing their bills through the water and mud and splashing 
generally. Almost without exception the ducks remained in or 
near the mud puddle throughout the 10 minutes of observation. 

Of the chicks, however, not one entered the mud, though several 
approached. Within one minute two were dusting tliemselves 
vigorously in characteristic fashion, enjoying the experience for the 
first time. During the next minute another joined them. Thus 
they busied themselves throughout the whole period, at times stretch- 
ing out neck and leg on one side, closing the eyes, basking in the sun- 
shine then, after some more dusting activity, stretching out on the 
other side. (The ducks did not attempt to dust themselves.) The 
fourth chick walked about between, mingling first with the one and 
then with the other, occasionally stepping in the mud, but neither 
lying in it (as the ducks were doing about him), nor lying in the 
dust. 


M. Sex Behavior of Adults — ^Reared in Equivalent 
Environment 

In the case of tlie three ducks and three chickens reared together 
in close confinement from birth for six months, the ducks occasionally 
showed some attention to a hen, treading a hen at times. Consider- 
able more attention, however, was given to the female of his own 
species. A significant difference lay in the fact that the hen was 
caught and forcibly held by the neck feathers or comb, while in 
the preliminary dBurtship of the duck, preceding the act of mating, 
there seems to be a very decided mutual understanding and co- 
operation. 

It i$ not clear that the drake differentiated between the sexes of 
the chickens. He seemed, to behave quite similarly toward each. 
The response of the hen or cockerel itself seemed to determine his 
behavior, the former being more submissive, the latter more vigor- 
ously resisting his approach or advances. It was observed, however, 
that the drake would sometimes persecute the cockerels, driving 
them about furiously and pulling out feathers, often passing the 
hen without molestation in doing so. This need not necessarily 
be a cognition of sex differences; it may be explained, perhaps, in 
the previous relation between the drake and cockerels. The cockerels 
on the other hand, did not attempt to molest the female ducks — 
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perhaps due to the aj?Rrcssivcness of tlic drake. Behavior differ- 
entiated til rough cijui valent environ mental experience would seem 
to indicate, however, an innate basis for greater submissivcncss on 
tile part of the female and greater aggressiveness on tile part of 
tile male. 

N. Sux Behavior ov Adults — a Non-Equivalent 
Environment 

In anotlier group of fowls, in which no attempt was made to 
maintain equivalent cnvirenmcntal conditions, there were eight 
cockerels, ciglit pullets, two ducks, and two drakes, all but the 
drakes being of equal age, however (seven months) . The drakes 
were two months older, In this situation, perhaps because of the 
comparatively large number of cockerels, much attention was given 
by the latter to the ducks. Here again, it was not clear that there 
was veal cognitive differentiation of the sexes, and the act of copula- 
tion seems to have been incomplete, due to the difference in length 
of body, The cockerels frequently sidled up to the drakes as well 
as to the ducks, As in the foregoing observations, the subsequent 
behavior seemed to be determined not only by tlie aggressor but 
by the sex of the animal approached, The ducks usually attempted 
to escape, but were pursued and caught. The drakes, on the other 
hand, showed fight and wore let alone, sometimes defending a duck 
as well. In one instance a drake caught a cockerel by the wing, 
whirled him rapidly in a circle four or five times, and then let liim 
go, whereupon the slightly daxed cockerel staggered in tlic direc- 
tion of release and desisted. ^ 

The hopeless outnumbering of the ducks by the cockerels seems 
to be largely responsible for the phenomena. Several large poultry- 
men informed us that they have frequently observed drakes to tread 
hens, but had never heard of cockerels or roosters treading ducks. 
The ducks, who characteristically engage in a period of courtship 
with the drakes before mating (a differentiated type of behavior 
doubtless associated with structural and cognitive differences), often 
resisted the cockerel. This might have been successful were it not 
for the prompt arrival of over whelming reinforcements of other 
cockerels. Helpless and apparently hopeless before tins onslaught, 
the duck would attempt flight and be promptly overtaken. The 
cockerels frequently attempted to hold tile duck by the nostrils. 
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The drnkcs would sometimes interfere, with some degree of success, 
though they too, were hopelessly outnumbered. 

As the number of the cockerels was gradually reduced, however, 
it was observed that they molested the ducks less and less. When 
their number was reduced to two or three they seldom disturbed 
the ducks. And when one, the most aggressive cockerel of them all, 
was left alone with the eight pullets and four ducks, he was not 
observed in three months to have attempted to tread one of the 
ducks — even during the last month, when the drakes had been re- 
moved also. 

Cinematographic records were made of a number of these ob- 
servations, for example Nos. 2, 3, 4, 7, 9, 10, 12 and 14. Similar 
records were also made of other features of subsequent experi- 
mentation. 

In all these experiments the diflferentiated behavior of chicks and 
ducks appeared in the face of equivalent environmental experience 
from birth and with ''equal opportunity to learn.'* It must be 
concluded, therefore, that the differentiated behavior, called forth 
upon initial perception, cannot be accounted for adequately in terms 
of environmental experience but must be regarded as rooted in 
innate constitution. 




III. EXPERIMENTAL STUDIES: SOCIAL BEHAVIOR 
IN CHOICE SITUATION 

Much of the chick-duck behavior in our earlier observations was 
closely integrated with structiiro-functional differences. Though 
we regard these differences as aspects of "total chick-duck organiza- 
tion^^ it seemed desirable to eliminate these factors as much as pos- 
sible in favor of the more purely psychologicaL It was therefore 
decided to employ a type of experimentation involving perceptual 
and discriminatory abilities on the one hand and social (gregarious) 
tendencies on the other* These abilities and tendencies appeared to 
be admirably integrated in the "tendency to associate with like kind." 
While these abilities cannot, of course, be directly observed, they 
may be readily inferred from behavior. 

A. Experiment I; Tendency of Newly-Hatched Chicks and 
Ducks to Approach Like Kind, Gregarious Tendency 

L Problem 

How do chicks and ducks, hatched and reared in an equivalent 
environment, hence with "equal opportunity to learn," respond to 
the presence of like and unlike animals during the first 10 days after 
hatching? 

2. M^fteriols 

Thirty chicks (White Leghorns) and 30 ducks (White Pekins) 
were used in this experiment, each banded and numbered. After 
some experimentation to determine the time required for these breeds, 
incubation was begun in separate incubators in order to maintain 
adequate humidity for each, incubation of duck eggs being begun one 
week earlier than that of the hen eggs. Two days before hatching 
all the eggs were placed in the same incubator. During the 
hatching period care was taken to keep the number of hatched of 
each kind as nearly constant ns possible. After hatching, chicks and 
ducks were reared in close confinement in equal numbers of each, 
in order to insure equal contact (visual, auditory, tactual, olfactory, 
etc.) between like and unlike kind. 

In order to provide as "natural" a setting for the experiment as 
possible, with a maximum of freedom from artificial stimulation, the 
following device was employed. A "Choice Cage" (Figure 2) was 
constructed on a wooden base four feet long by two feet wide, en- 
closed on all sides by one-half inch square wire mesh, one foot high. 
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FIGURE 2 

Diagram of *'Cvioicb Ca<ir’* 

Experiment 1: Cognition of kind inferred from ciioice in to n single 

chick or duck, 

Cpges ntid '*21” hold one nniinal each, n chick nnd duck reapeclively, 
altcninllnfi with each aerlea, 

Cage from which single nnunola arc rcIcnHcd, and observed for 

their behavior in going to like or onllke kind, or to neither, 

Animals are released from **€** ihroiigh sliding door and tunnel, 
Spaces numbered I to 4 indicate area of nppionch. 

Floor of cage is marked off in onc-inch H(|iiai'c9 to facilitate inensiireiiienl 
of degree of movement, if desired. 

At one end the two corners of tliis cage were enclosed hy wire itiesli, 
making triangular compartments, "'A'* and each eight by eight 
by twelve inches. In the middle of the opposite side there was 
another wire compartment, "€/' six inches square and six indies 
high, made of the same type wire mesh. In front of this compuTt- 
ment was an attached rvirc tunnel of similar material, three inches 
wide, so that when animals were released from "C** they were 
obliged to make their exit in a direction midway between and 
Between tunnel and compartment "G"' was a section of wire 
screen (same material) which could be raised horizontally to release 
the animal confined in The sides, back nnd top of was 

enclosed in a liood of heavy black construction paper. The floor of 
the entire cage was enameled white nnd marked off in incli squares 
with India ink to facilitate easy iiicasii lenient in any direct ion. 
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3. Procedure 

A chick nnd duck were placed in compartments and 
respectively, A third animal was placed in compartment 
After an orientation period of 30 seconds the animal in was 
released by raising the slide. Its behavior with respect to the animals 
in and was then noted. 

Ducks and chicks were placed alternately in '"C" until each 
had had his turn in ”CP Cue animals in "A*' and "'B*' were changed 
from time to time in order to equate somewhat the “stimulus value” 
of the cue animals. 

Two such series were conducted daily, in the second dally series 
the kind of animal in and ^'B'' being reversed. Tlie double 
series were conducted daily, morning and afternoon, beginning when 
the animals were one day old and continuing for 10 days. 

Behavior was noted with respect to their approach to or 

''B'" or their failure to approach either, If the released animal ap- 
proached to within two inches of the white space containing cage 
it was regarded as having approached the animal in Simi- 
larly for the animal in If it failed to approach either within 

thirty seconds it was regarded as approaching neither, 

Sixty trials were made for ducks and chicks respectively (twice 
for each animal) — a total of 600 trials for each species for the 10 
consecutive days following hatching. 


4. Results 


The results for a total of 600 
as follows: 

Approaching Liki 
Duck approsicliing cluck: 
Duck approaching chick: 
Duck approaching neither: 

Chick approaching chick: 
Chick approaching duck: 
Chick approaching neither; 


trials in the 10 daily series were 

or Unlike Animal 

392 times or 6S.2%? of trials. 

164 times or 27.5% of trials. 

44 times or 7.3% of trials. 

236 times or 39.2% of trials. 

193 times or 32.3% of trials. 

171 limes or 23.5% of trials. 


The above figines may be recombined to indicate the relative 
strength of gregarious tendency of chicks and ducks in another way, 
as in the tendency to “approach another animal” whether of like 
or unlike kind, as follows: 

Duck approaching another ammal: 556 times or 92.3% of trials. 

Duck approaching neither animal: 44 times or 7.7% of trials. 
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Cliick flpproadiing finoOicr nninial: 428 limes or 71.39r of trials. 
CHick ftppraaclunK neUUcr nnimnl; 17Z or 11 * 1 % of ir'mls. 

Tlic behavior of ducks and chicks for Mch of /he W flail y series 
h shown ill Tabic 1, 


TAULK 1 


Snout JJG )]l:IiAVlOH OP DVCiCfl AND CUlCKS loJl KacJI OF I'lilv "J'EN l)A[t.Y 





SfiRIES 





he/iavior 


Chick*s behavior 


Day 

Direduoji 

Times 

7.' 

Direction 

Times 

% 



/I. hi appronchhif] a 

duck or chick 



1. 

D to I) 

35 

58.3% 

C to C 

13 

21.7%) 


D to C 

19 

31.7% 

C to 1) 

21 

35.0% 


D to -- 

6 

10.«7o 

C to — 

26 

43.3%, 

2. 

D to D 

40 

66,6% 

C to C 

24 

40,D%£, 


D to C 

13 

3U6% 

C to D 

15 

25.0% 


D to — 

7 

11.8% 

C to — 

21 

35.0%) 

3. 

D to D 

35 

58,3% 

C to C 

21 

35,0%) 


D to C 

19 

31.7% 

C lo D 

18 

30.0% 


D to — 

6 

10,0% 

C to — 

21 

35.0% 

4. 

D to D 

37 

61.7% 

C to C 

25 

41,7% 


D to C 

17 

28,3% 

C to D 

22 

36.6%, 


D to — 

6 

lO.O^o 

C to — 

13 

21.7% 

5* 

D to D 

39 

65.07o 

C to C 

26 

43.3%, 


D to C 

20 

33.3% 

C to D 

J9 

31.7%, 


D to — 

1 

1.7% 

C to — 

IS 

25.0%, 

6 , 

D to D 

46 

16.1% 

C to C 

30 

50.0%, 


D to C 

12 

20 . 07 o 

C 10 D 

18 

30.0%, 


D to — 

2 

3.3%i 

C to — 

12 

20.0% 

7- 

D to D 

42 

70.07o 

C to C 

27 

45.0%, 


D to C 

17 

28.3% 

C to D 

21 

35.0%, 


D to — 

1 

1.7% 

C to — 

12 

20.0% 

8. 

D to D 

38 

63.3% 

C to C 

23 

38.3%, 


D to C 

17 

28.4% 

C to D 

20 

33.3%, 


D to — 

5 

8.3% 

C to — 

17 

28.4%, 

9. 

D VO D 

38 

63.3% 

C to C 

23 

38.3%, 


D to C 

19 

11.7% 

C to D 

13 

21.7%) 


D to — 

3 

3.0% 

C to ~ 

24 

40.0% 

10, 

D to D 

42 

70.0% 

C to C 

23 

38,4% 


D to C 

11 

18.3% 

C to D 

26 

43.3%, 


D to ^ 

7 

11.7% 

C to — 

n 

18.3%, 



Totals lor the ten days 



Duck 

to thick 

392 

65.3% 

Chick to chick 

235 

39.1%, 

Dock to chick 

164 

27.3%) 

Chick to dttck 

193 

32.1%, 

Duck to neither 

44 

7.4%) 

Cluck to neither 

172 

28,7% 
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TABLE 1 (continued) 

B. In approachiiig "an of her animal*' 


(Combined approach 

to like 

and unlike animal 

in above 

table.) 

Dneks io "nnother animal** 
Day Times % 

Chicks to 
Day 

"aitoiher 

Times 

anhnnV* 

% 

1. 

5+ 

90.0% 

1, 

34 

56.6% 

2. 

S3 

83.3% 

2. 

39 

65.0% 

3. 

54 

90.0% 

3. 

39 

65,0% 

+, 

54 

90.0% 

4. 

47 

78.3% 

S. 

59 

98.1% 

5. 

45 

75.0% 

6. 

58 

9fi.6% 

6. 

48 

80.0% 

7. 

59 

98,3% 

7. 

48 

80.0% 

8 , 

55 

91.7% 

8. 

43 

71.7% 

9. 

57 

95.0% 

9. 

36 

60.0% 

10. 

53 

88.3% 

10. 

49 

81.7% 

Average 

55.6 

92.7% 



71.1% 


The behavior of each of the 30 ducks ovd chicks, in each of the 
10 daily series is shown in Tables 2 and 3 respectively. 

The relative strength of the tendency of chicks and ducks to ap- 
proach like kind is shown graphically in Figures 3 and 4; and 
the relative strength of tendency to approach “another animal" in 
Figures 5 and 6. 

Both ducks and chicks, hatclied and reared in an environment 
lield constant for all from birth, display a distinct (gregarious) 
tendency to go to like kind rather than to unlike kind. The ducks, 
liowcver, show a stronger gregarious tendency than do the chicks, 
both In going to like kind and in going to “another animal." 

5. Conclusions 

In view of this behavior, differentiated in the face of equivalent 
environmental conditions from birth, wc conclude: 

1. That chicks and ducks, in their very nature, exhibit a gregari- 
ous tendency, and that this tendency cannot be adequately inter- 
preted in terms of differentiated environment but must be regarded 
(IS rooted in innate constitution ^ 

2. That the tendency to go to like kind involves the necessary 
inference of an ability to discriminate or to cognize like kind, and 
that this psychological aspect of behavior is therefore an integral part 
of the total organization of these animals. 

3. That, I'athcr than a clear-cut distinction of acquired and 
innate behavior, the relative "ease" with which such differentiated 
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riGURH 3 

SnO^VlNO RblATIVT StKEKOTH of *rENDliNt:Y (IF ClJlCK!i ANI) DUCKS I'D GO TO 

Like Kisft— lu Ciioicn Ca^k 

Encli curve rcpi'csenis 60 daily iriftlH for cacti kind of nniiunl — two each 
for 30 cUicks nnd 30 lUicka, rcftpcciivcly — toial of ^00 Irlals Ru‘ cucU curve, 
Expcriiuenls ^vcrc conducted doily for the livat 10 tlnys nficv l\5\lcliing. 



FIGURE 4 

Graph Showemc Relative Strength of Tendency of Chicks and Ducks to 
G o To ‘^Another Ai^imau/’ Either Chick or Duck — m Chotcr Cade 
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FIGURE 5 

Graph Showing Relativr Strength of Tendency of Ducks to Go to 
DuckSj to Chicks, and to Neither Animal — in Choice Cage 
!Each curve represents 60 dally trials for each kind of animal — two each for 
30 ducks and 30 chicks, respectively — a total of 600 trials for each curve — 
for first 10' days after hatching. 



Graph Showing Relative Strength of Tendency of Chicks to Go to 
Chicks, to J:)c;cks, and lo Neither Animal — in Choice Cage 
Each curve leprcscnls 60 daily trials for each kind of animal — two each 
for 30 chicks and 30 ducks, respectively — a total of 600 trials for each curve 
for the first 10 days after hatching. 
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behavior appears warrants tile assuinptinn o{ a ^^predisj^osition’* in 
favor of certain t 3 'pos of behavior, in harmony with otlicr pliysio' 
Inpicnl anti psycholopical aspects of organization. 

4. Tlvi\t we must rcirard psycluilo^^icul Inheritance (i.c., psycho- 
lofrical tendencies and abilities) as an aspect of the total intcRrntcd 
pattern of innate constiiuthwi. 

Witli the (Icinonstratioii of ps.vcholoi^dcal inheritance at a given 
point ill the phyloKeiictic scale it seems higlily probable that other 
general tendencies and abilities may constitute at least an innate 
potential aspect of not only animal but also of human bclia^ior. 

6. Com?7)erit 

The more qualitative aspects of the obscvvcd chick and duck 
behavior merit comment. The bcliavior of the duck, for example, 
is far more impulsive than that of tlic cluck, 'rhe duck ordinarily 
makes liis approach in about one-half the time consumed by the 
chick. After the 30'Sccoiul period allowed for orientatiem the duck 
invariably runs headlong from the cage toward the animal 

of its ''choice,” Frcciucjitly upon reaching llic olhcr duck it will 
immediately lie down as close to the otficr duck as possible, uttering 
a series of peculiar, rapid, subdued sounds which arc licard at no 
other time. This behavior is frequently reciprocated by the other 
duck, who in turn lies as closely as possible, uttering the same sounds. 
In only one instance have 1 obscrvecl the released duck exhibit this 
behavior toward a chick, This qualitative cliffeieiice in behavior 
may be regarded as the affective aspect of the total innate organiza- 
tion of "duck/' It is part of what makes a duck a duck. Impulsive- 
ness may, perhaps, account In part for the duck’s stronger tendency 
to “approach another animal.” But impulsiveness, as such, cannot 
account for the greater discrlininadon of kind nr the stronger 
tendency and ability to go to own kind. 

There appears to be some basis for early differentiation of sex 
behavior, A most promising suggestion for investigating tlie early 
appearance of sex differentiation lies in Lhe difference ni beJiavior 
of the little dnehs and little dt’akes^ Whereas the former rush 
precipitately to another animal, the former stand erect and elevt 
upon hasty egress from the tunnel, approaching neither animal or 
only after a period of “observation.'' Here is apparently tlie germ 
of differential sex organization appearing at a very early date, Tjiis 
discovery was made when, as grown ducks, certain wing- handed 
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animals were found to be leading the flock^ and too late to identify 
all of them. Nos. 5 and 16 in Table 2 are drakes, and together 
account for 25 per cent of the failure to go to either animal in 
the group of 30 ducks used in the experiment. 

B, Variations of Experiment 

Another group of chicks and ducks (13 each) was hatched, at the 
same time, in the same incubator, and in equal numbers of each, as 
in Experiment 1. These animals were used in a variety of modifica- 
tioiixS of Experiment I, using the same apparatus (see Figure 2). The 
experimental technique employed ivas similar throughout, the trials 
covering a period of 15 days, beginning the third day after hatching. 
The nature of these variations together with the results for each are 
summarized briefly, in terms of approach to like or unlike animal 
or neither animal. 

1. A Conirol Experiment 

The 13 animals of each group were put through a scries of trials 
identical with that of Experiment I (/r) as a check on Experiment I, 
(i) as a basis for comparison with performance in the modified 
experiments. 

Results 

Duck to duck 72.0% Chick to chick 51.0% 

Duck to chick 27.5% Chick to duck 39,4-% 

Duck to neither ,5% Chick to neither 9.6% 

(20+ trials) (208 trials) 

Results for these groups are substantial^'' the same as for the 
groups used in Experiment L 

2. Tohiiing Cage Toward Like Animal 

What would be the effect of pointing Cage toward Like anh 
mal, i*c., of deliberately favoring the approach of each animal 
to^Y€U■d Like kind? In each trial, starting cage '’'’C was pointed 
toward the cue animal corresponding to the one about to be placed 
in starting cage. 

Results 

Duck to duck 71.0% Chick to chick 50.5% 

Duck to chick 29.0% Chick to duck 40.8% 

Duck to neither .0% Chick to neither 1.1% 

(103 trials) (103 trials) 

Apparently ^'weighting’' the experiment in favor of going to like 
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kind had little effect upon choice, though it did inlluencc ‘‘approach/* 
Pofjifht/^ Gaffe TtnvorA 

Wlint would he the effect of delihcralcly favonnff the approach 
of each aniipal toward XJffltkc kind? 

Hauhs 

Duck lo duck 59.0^^ Chick lo chick 41.7% 

Puck to chick 40.0%) (-hick to duck 43.7% 

Duck to neilUcir ' 1.0% Chk'k to ncUUcr 14.6% 

(102 trials) (104 trials) 

Pointing the cage toward tntVike animal definitely affected the 
choice of animal approached, with hotli ducks and chicks, decreasing 
the number of approaches to like kinth In ^>pitc of this vurfavorahlc 
‘^weighting/* however, the ducks still tended definitely to approach 
like kind, usually &\vcc))ing rapidly in a wide curve toward their own 
kind. 


4-. With Buck ill One CagCi Other Ciiffe 

In this instance there was no choice of animal to he approached. 
Cage or "Ji"' contained one duck vvhile the other cage was empty. 
What is the strength of the (gregarious) tendency to approach 
*‘av\other animal*’ ? 

Duck to "other anunol," n duck 90.0% (100 trials) 

Cluck to "other niiimni," n duck 59.0% (100 trinh) 

5. With Chid In One Cage, 0/ficr Cage limply 

Reji/Ifs 

Duck to "other uidmal," a chick R7.0% (100 trials) 

Chick to "other onininl," n dilck 63.0% (100 tririls) 

The tendency to approach “another animal” is about the same 
as when a choice is offered, with a slightly stronger tendency to 
approach when the animal is of Hie kind, 

6. Animals hi Sfartiug Cage Gan Hear Bat Hot See Cue 

Animals 

In this experiment a modification of the apparatus was used (see 
Figure 7,) A heavy cloth was hung over the near aides of Cages 

A ' and obscuring cue animals from view for the animal in 
Cage “C/'' Other than visual cues must now he employed in ap- 
proaching like or unlike kind. 
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Duck to duck 
Duck to chick 
Duck Lo neither 

(108 trials) 


Results 

77,^% Chick to chick 39.4% 

22,0% Chick to duck 15.6% 

1,0% Chick to neither 45.0% 

(109 trials) 


The much greater deliberation and uncertainty with which the 
ducks now approach other animals, in contrast with the alacrity 
and impulsiveness which tliey exhibited in the previous experiments, 
suggests that, while there appears to be good auditory discrimination, 
vision pla3^s a greater if not more important role in this type of 
experimentation. Chicks, when they approach another animal, still 
tend definitely to approach like kind, but their ’Hndiftcrenee” when 
they lack visual cues is very pronounced, and in marked contrast to 
tile behavior of the ducks. The chicks approached ^^ncithcr” in 45 
per cent of the trials. 

A qualitative difference is also suggested. Hearing the cries of 
other animals, while unable to see them, appears to have a more 
profound influence on the ducks than on the chicks. The ducks* 
behavior upon release from '’"’C" appears much more ''concerned” 
and uncertain, This qualitative difference is borne out even more 
distinctly in later experiments. Anotlier qualitative difference in the 
behavior of ducks and chicks is observable in the fact that the 
ducks travelled a greater distaiice toward like kind, upon release 
from roughly comparnWe to the relative strength of ducks and 
chicks to approach like kind. 

Duck 

Travelled to duck 476 in, — ^78.4% of total distance travelled. 

Travelled to chick 131 in, — 21.6% of total distance travelled. 

Chick 

Travelled to chick 280 in. — 57.0% of total distance travelled. 

Travelled to duck 212 in, — 43,0% of total distance travelled. 


C, Experiment II : Tendency of Newly-Hatched Chicks and 
Ducks to Approach a Group of Like or Unlike Kind 

1. Problem 

How will cliicks and ducks (hatched at the same time, in the same 
incubator, in equal numbers of each, and reared together in the same 
environment from birth, thus with "equal opportunity to Icarn*^) 
respond to the presence of groups of animals of like and unlike kind 
upon release from confinement? 
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FKiUkr: 7 
Cun ICE CAf;f: 

Experiment II: Choice in goinp; Ui like ur unlike kind — in a situation In 
which the aniuials eaiiiuit see one a no liter, 

A duck t\i\d cluck arc placed in "VC* and "ii'" rcMpectivcIy {alternated 
with each series). While lUnncl clolh "c/" covers the side wall of com- 
parimcnis ”/!** and 

Animals are xelenscd singly frimi ihnnii’h tunnel in icspmise to 
cries and their behavior noted with respect to ninveineiils lownrd citlier com- 
pnrtmoEU, ns llicy pass the broken lines in either direction, toward like or 
unlike kind, 

The floor is mnrkcd off in inch squares to facilitate incasiircmcni in 
any direction, 


2. M^iierhls and Procedure 

A third group of aniiiittls, 19 Duff Orpingtoji cliiclcs and 19 White 
Pekin ducks, were hatched as^ in the nthev cxpctimcntSv The 
apparatus used is iUustrated and described in Figure 8. After a 
30-scconcI period of orientation single animals were released from 
starting Cage and behavior was noted with respect to approach 
to ffi'Oiips of like and unlike kind. 

These animals were reared in two separate groups ^ one group 
consisting of 12 chicks and 12 ducks, the other of 7 chicks and 7 
ducks. Animals of one group AVerc used as cue aninuils for the other- 
group, and vice versa. Tlic only time animals of tlie livo groups 
saw one another was during the actual cxpcriiueiuaticui. None of 
these animals were used in any otlicr cxperiincnt. Tile et|ual iiunihcrs 
of unlike animals were kept in close confinement from hatching, and 
wtire begun when the animals were ID days old. 
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FIGURE 8 

Choice qv Chicks auq Ducks in Going tq \ Group qp Chicks or Ducks 
Auimals are released tUrougk sUdIng door U raised by a string over a 
pulley on n tripod overhead. 

Distance from center of ^ or /J to end of tunnel is 4 ft. 

Animals are released from Cage C. 

A and B contain 5 clucks or 5 chicks, alternating with each series. 
Spaces numbered 1-S and I-V are designed for a quantitative analysis 
if clcsired. 

Base of apparatus is made of inverted linoleum. Lines on apparatus are 
barely discernible. 

// and B enclosed with 1 ft, in. wire mesh. The whole is enclosed 
with 2 ft. mesh. 

Results 

Duck approached duck: 240 times or in 83.9% of trials. 

Duck approached chick: 26 times or in 9,1% of trials. 

Duck approached neither: 20 limes or in 7.0% of trials. 

(Total of 286 trials) 

Chick approached chick: 145 times or in 50.7% of trials. 

Chick approached duck: 111 times or iu 38,9% of trials. 

Chick approached neither: 30 times or in 10,4% of trials. 

(Total of 286 trials) 
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Tlie tendency of chicks In iippro'.icli pronps of like kind is sub- 
stniitially the same as nitli the approach to .sinf:lc animals in pre- 
vious experiments, The sliplit accentual ion in choice may be due 
to increased age. During the rather extemlcd period (18 days) of 
this equivalent prcllmmary cmifineiuent, tlie animals did tend to 
scRrcgnte more or less into liomi)i>rnco«s primps. Instead of mili- 
tating against the experiment, limvevcf, this fact may be taken to 
indicate that, within the equivalent environmental setting, differ- 
entiating factors were already at work. Tliis fact can hut serve to 
strengthen, therefore, the ooiiclibion that the various aspects of 
structural and functional differences which coiUriimtc to early homo- 
geneous segregation arc also closely intcgr.itcd with constitutional 
differences in tendencies and abilities. 

3. Coiulusion 

This gregarious tendency of chicks and ducks to associate with 
"other animals," and especially with like kind, and, as Sclijcldcrup- 
Ebhe says, the ability to "learn more easily" to go to like rather 
than to unlike kind, established and differentiated ag,iinst a back- 
ground of equivalent environmental experience from hirtli, indicates 
that somehow this tendency and discriminatory ability arc rooted in, 
and are aspects of innate constitution, along with their striicUiro- 
functional differentiation. They lend support to McDoiigall's con- 
tention that the cognitive, effective, and conativc tcrulencics and 
abilities of animals arc rooted in innate constitution. lunthcr, it 
seems reasonable to suppose tliat this same psychfl-hinlogical integra- 
tion may be ascribed to all psychological hchavior, of botli men and 
anim.als. 



IV. EXPERIMENTAL STUDIES: SOCIAL BEHAVIOR IN 
RESPONSE TO CRIES 

A. Experiment II: Affective Responses to Shocking of Like 
OR Unlike Animals, Under Equivalent Environ- 
mental Conditions 

The aim of this cxpcrinient was twofold. («) Or the one hand 
it is substantially the same as in the foregoing experiment, namely, 
to determine whether there is any innate basis for differences in 
cognitive abiliues and behavior tendencies in chicks and ducks. In 
tills instance we are interested, however, in possible early differ- 
entiation of response to cries of like and unlike kind, {b) On the 
other hand, it embodies an attempt to cquall 2 :e the factors in the 
actual experimental set-up as well as in the general environmental 
setting prior to experimentation. 

It might be thought, in the earlier ''Choice" situations, that per- 
haps the chicks and ducks were influenced in their "choice" by other 
factors than those differentiating like and unlike kind; that, for 
example, they might be responding to slight differences in size, color, 
intensity of chirp, etc., rather than to "like or unlike kind," It 
miglit be theoretically possible to equate some of these factors indi- 
vidually, to secure animals of equal size, exact similarity of color, 
equally loud chirp, etc. But, even though these difficulties were sur- 
mounted, there might be other factors, either unnoticed or un- 
thoiight of, which might still play an important part in influencing 
behavior, It would be desirable, therefore, to provide an experi- 
mental situation in which all extraneous factors might be eliminated 
or at least equated, simultaneously. For this purpose a new and 
different technique is suggested to provide not only equivalent 
experience prior to the experiment, but to maintain this equivalence 
in the experimental situation itself. 

1. The Problem 

How will chicks and ducks (hatched together, and reared from 
birth in the same environment, in small groups of equal numbers 
of each) respond to cries of pain or alarm from like and unlike 
animals? A special feature is an environmental set-up designed to 
equalize all the possible factors influencing behavior — except that 
constellation of factors which differentiate the total integrated "na- 
ture" of chicks and ducks. 
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2 , Mtfic rials 

An *^octai»oniil cn|»c'' "was Limslrucli'd on ;i wood hiisc, 30 inches in 
width. This was divided Into cijilit c(hu pint incuts so that the ani- 
mals mipht he placed in them in ilie order, cliick» chick, iluck, duck 
(see Figure 9). Tlujs each diick and eacli duck was flanked hy both 
“like"' and "'iinlike*^ kind- 



VlUVRK 9 

Octagon Cage Used in Experiments W and V 
Chiclcg nad ducks nrc placed in ccmvurtincuis, as sluovii. Kach animal 
is tinis tanked by an nnimal of like niul unlike kiiul. Tiicy may all be 
shocked simultnneously or In nUeriiatc p.iirs, of /f^s, /i\s, 6'^s, Jiiul 
TUe floor af cacli compartinciit la furniahed witli removable electric 
shocking grid, wired for siniuUancmis or allernate sbocking* Paviitions 
arc of J /2 inch wire mesh; the outer edge of paslolMjard, 

A motloii'plcture camern, siiKp ended uvciliead nil n uipod, pliotograplia 
all movements and posilions simuUaacovialy. 

This method and procedure Were suggested hy Pr. T. H. Howells, of the 
Univei'sUy of Colorado, as n (cchiiKpie for deterjiiining (he effecis of 
"equivalent conditiouing/^ 


The compartments were separated from one aiiotlier i>y onc-linlf inch 
wire mesh, so that the animals were easily 'visible tn one airothev. 
The front of the cage was enclosed with heavy pusie4iouid, ^vlulc 
the center-post was surrounded vvitli opaque glass, so the aniniars 
vision was restricted to cither side of its conipavtniciit. The floor 
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of each compartment was furnished with removable electric shock- 
ing grids. These grids were wired in such a manner and equipped 
with separate switches so that a shock might be given to any pair 
of like animals (the C's, or Z)*s), or to all the animals simuh 

taneouslg. The shocking apparatus itself consisted of a battery of 
eight (Model T Ford) coils and a transformer, using the ordinary 
house current. 

Eight chicks and eight ducks were used. (These animals were 
not used in any other experiment.) They were used in two groups 
of four chicks and four ducks each, to meet the capacity of the 
octagonal cage. Experiments were carried on successively for the 
gj'oups on the same days. 

3. Procedure 

Animals were placed in the compartments of the octagonal cage 
daily, from the 10th to the 20th day after hatching, in the order 

chick, chick, duck, duck, as shown in Figure 9. 

Upon being placed in the apparatus, the animals, especially the 
ducks, shoM’'ed a tendency to approach an animal in one of the adja- 
cent compartments. The animal approached was frequently one of 
like kind. (This is doubtless an expression of the differentiation 
already going on within the equivalent environment, preceding the 
experiment, and must therefore be regarded as a part of the total 

differentiating process.) In a very short time (usually less than 

one or two minutes), tlie ducks would lie down, while the chicks 
would remain standing quietly. This was taken as a signal for 
giving the shock. In each instance the shock was given 15 seconds 
after the last of the four ducks had lain down. 

Chicks and ducks were given shocks of approximately one and 
three thousand milliampcies respectively (as calculated, the differ- 
ence in shock being relative to their sensitivity to shock). Glycerine, 
with an admixture of soda and water was used to moisten the feet 
of the chicks so tliat a shock of lower intensity might be used tlian 
would otherwise be required. 

Each daily series of shocks involved three steps, as follows; (^) 
Alternate pairs of animals were shocked, proceeding clockwise, in 
the order, //’s, 6'’s, /)’s. There was a two-miiiutc interval 

between the shocking of each pair. One shock of about one second’s 
duration was given, (b) All animals were shocked simultaneous!)^ — 
a scries of five siiocks of one second each, at 15-sccond intervals. 



260 


rii.Kuic monographs 


(c) AUetnute pnirs wen* auaiii sIuK^kcd, a*? he(orc> in ciider to note 
the differctiCLS if aio", pnuliii'ed hy rreoivini^ the shock at the same 
time that the cries uf the others were licanl- 

Re f or (I hit/ 

A moticm-picturc camera was Mjspmdnl <jn a iri|HKl directly over- 
head, rccoj’din^ liotlj f^os'tmus and mmoinmh nf M animals sirtiuh 
tancnusly, This ixcnnlintX 'vas hruun jnst hefurc shocking and was 
continued for some 25 (16 imn.) fiaiiu*s\ .Some 200 feet of motion- 
picture film was usrd for this experiinerit, whicli could be studied 
at leisure to supplement tlie customary data c)f direct observation. 
Observation was of two kinds; 

L The movements of llw auiuuiU, Interest centers* nut about 
the movements of tlic shuckcil animals hut nhnnt the iiiovcmcnts of 
the animals (like and unlike) adjacent to the shocked animal on 
either side- What difference, if any, may he noted with respect to 
the responses of like, and unlike kind? 

2. The position taken l>y each animat in each instance, before 
and after, with reference to like and uidike animals. Thcj^c posi- 
tions were noted daily, as follows*, (/i) Just before the first slioek 
was administered (ducks lyinti;), (/>) immediately after shucking, 
(^) ininicdiatcly after simultaneous shockiiif^, (r/) just before rc- 
shocking (ducks lying), (e) immediately after rc-sliocking. 

5. Inlerpretalhu 

In siimmating the responses to like and unlike animals, it is im- 
portant to appreciate the fact that any pronounced or excessive 
stimulating effect that the behavior of a given kivul of animal might 
have, would result in an increase (if this were a determining factor 
in behavior) in response not only of an adjacent animal of liis own 
kind but would also increase the response of an unlike animal on 
the other aide. 

It miglit be argued, for example, that chicks make more noise than 
ducks, have a higher pitched voice, arc less susceptible to shock, etc, 
But it Is again a pointed advantage of the present mctlioil that it 
automatically eliminates such extraneous factors- 

For the increment in response rcsiilcing from sucJi an excessive 
stimulus (c^g., the louder noise made by the cliick) would increase 
the response not only of a like animal (another chick), but also of sin 
unlike animal (c.g., a duck). In the fust instance, the increment 
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would be added, of course, to the sum of responses to like animals. 
In tlie second instance it would increase the sum of responses to 
unlike animals. Thus these inci'ements would tend to cancel each 
other out insofar as their effect on like or unlike responses is 
concerned. 

To illustrate, let us suppose that chicks and ducks make sounds of 
equal volume. Then, obviously, loudness of sound would not con- 
stitute a determining factor in their response, 

But, suppose chicks do make a louder sound than do the ducks. 
Then it might be supposed that chicks and ducks, instead of respond- 
ing to cries of like or unlike kind, are responding rather to this loud- 
ness of sound, or at least that this is an important factor. Yet, this 
is not the case under the “double” arrangements, for, let us say 
that chicks and ducks normally respond with 50 units of response 
to the strength of sound normally emitted by a duck. And let us 
say that the greater loudness of noise produced by chicks Increases 
the response by 50 additional units. This would give us the follow- 
ing results (Table A) proceeding clockwise around the cage, 

TABLE A 

Units of Units of 

response response 

to like to unEike 


Ut C/jick he Wiocljra 

Then Chick would mnke 100 units of 

response to sound . 100 

Then Duck "2?" would make 100 units of 

response to sound 100 

Let Chick he shocked 

Then Chick would make 100 units of 

response to sound 100 

Then Duck would make 100 units of 

response to sound lOO 

Let Duck ^^A** he shocked 
Then Chick would make 50 units of 

response to sound 50 

Then Duck "ii” would make 50 units of 

response to sound 50 

Lei Duck he shocked 

Then Chick would make 50 units of 

response to sound 50 

Then Duck “//” would iiifikc 50 units of 

response to sound 50 


Total: 300 L. 


300 U. 
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Tlic remit \v<mlJ l>r JOO uniis of ir-iponsc to like kind nncl 300 
units of response ir» unlike kind. OUvinusly the animals are re- 
sponding to snniclliinjr oilier lliiiii “like and unlike kind/’ nml this 
tends to cancel iisclf out aiiroiiiaiicalli'. Tlie same would hold true 
for differences in ^eii'^iiivily in shock, for (liflernicrs in pitch of 
voice, color, cic, 

Not Only does tiiis hold true, hut any oihrr oxlraneniis factors, 
which inif^lu not he at all anticipated, or wliich rnifilit even be 
entirely unknown, avouUI ihiis tend to cancel tlienisclvcs out, 

All factors, except those which differentiate rrsf^onyes Jo like ,flud 
unlike kiiifl would tend to c.'Uicel thciiisclvcs out autoniatically. And 
only those factors, which diflcrentiate specific behavior towards like 
and unlike would remain — ^Just those factors wliose existence we are 
ntteiiiptin^ to invcsli^ate. Tliis incihod, ihercfoic, affords a unique 
method for cqviatinp; ciwlroniv^entnl stimuli and at the same time pex‘ 
iiiits a differentiation of factors drstInt^^N^hi^^r responses between 
like and unlike aiiinmls, 

How tlicn may this inctluKl he applied to dillcrcntinte responses 


rAULV: JJ 


Uuiis uf 
rcRpomc 
to like 


Let Chick hr jhtfckr$l 
Then Chick woiiid make 50 iiniiH of 
response to cries 

Then Duck "JV* would ninkc 0 units of 
response to cries 

Let Chick '7^" be shockni 
Then Chick would make SO units of 
response to cries 

Then Duck would make 0 units of 
response to cries 

^ Let Duck '77" be shocked 

Then Chick "Z)'* would ninke 0 uniis of 
response to cries 

Then Duck would luak^ SO uuUs. of 
response to cries 


. Lei Duck he rAocArd 

Then Chick would in nice 0 mills of 
response to cries 

Then Duck would make 50 units of 
response to cries 


50 


50 


SO 


SO 


Units of 
rcspojue 
to unlike 


0 


0 

0 


u 


ToinD 200 L. 0 U. 
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between like and unlike kind ? Let us suppose that animals do re- 
spond only to the cries or other behavior of like kind. Then we 
would obtain the following results, in proportion as they do con- 
sistently respond (Table B). 

The result would then be a more or less consistent response of 
animals to Uke — hence a discriminating response, in proportion to 
the consistency of the behavior, 

6, Results ' 

(\. Amount of movement^ in response to shocking of adjacent like 
and Unlike aniviols. In order to obtain some estimate of the degree 
of response, in terms of amount of bodily movement, the motion 
pictures were thrown on a screen so that they might be studied, one 
frame at a time, The projector was placed five feet from the 
screen, making an image 10 inches across. Amount of movement 
was then measured in terms of change of position from the first to 

TABLE C 

Upon shockhfff ducks 
Adj?icent ducks moved more than 

adjacent chicks 51 times or 63.8% of trials. 

Adjacent ducks moved less than 

adjacent chicks 24 times or 30.0% of trials. 

Adjacent ducks moved same amount as 

adjacent chicks ^ ^ 5 times or 6.2% of trials. 

Upon shocking chicks 
Adjacent chicks moved more than 

adjacent ducks 48 times or 60.0% of trials. 

Adjacent chicks moved less than 

ndjacent ducks 25 times or 31.2% of trials. 

Adjacent chicks moved same amount as 

adjacent clucks 7 limes or 8.8% of trials. 

upon re-shocking ducks 
Adjacent ducks moved more than 

adjacent chicks ' 48 times or 60,0% of trials. 

Adjacent ducks moved less than 

adjacent chicks 28 times or 35.0% of trials. 

Adjacent ducks moved same amount as 

adjacent chicks 4 times or S.0% of trinis. 

Upon re- shocking chicks 
Adjacent chicks moved more than 

adjacent clucks 49 times or 61,3% of trials. 

Adjacent chicks moved less than 

ndjnccnt clucks ’ 19 times or 23,7% of trials. 

Adjacent chicks moved same ainouiU as 

adjacent ducks 12 times or 15.0% of trials. 
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the twciiticili frame, \mn\z thr millimrior as a \niit and tlic point 
q( the beak as the iiviiut nf tofereviec. 

Tlic 10 daily scric.'i <if ,shnckin^; rxpcrirneiilf; with ciRht chicks and 
eij^lit duckii f;avc a total <if {10 mrasurements for cadi, Tlic results, 
for these 80 trials, arc pven in 'rahic fJ. 

Both eludes mul ducks moved consi<hrraldy more when like kind 
^ve^c shocked than when tinlikr kind were si nicked. 

b. Direcdun o[ movefuvni, iflkcn by animals relatm 

to like and unUkv kintL In order to obtain some estimate of response 
in terms of ilireciion of movement, tlic motion pi^^tuves were again 
thrown on the scrccnj one frame at a lime. Direction of movement 
WAS then determined in terms of cluinffc of posit i on j relative to like 
and unlike kind, hy nou'n^' tlie direction of juovenicnt as sliown from 
the first to the twentieth frame. If an animal nialntnined his 
position relative to a given adjacent animal, or moved to a position 
on one side of the compartinciii and faced the animal on that side 

TAHLU ;; 

Posilto/ij taken by dticki ttitjacenl to jbockrit pairs of anin/ntj 
Before shocking acljnccnt ducks: Duck n> dark S6 limes or 70.0% of trials. 
After Bhocking adjucciu ducks: Duck (u duck '14 times or 55.5% of trials. 
Before rc-shocklng adjacent ducks: 

Duck to duck 03 dmcH or 78*8% of trials. 
After re-shockiag adjacciU ducks; Duck lu duck 57 luucs ur 71.3% of UiaU, 
Before shocking adincent chicks; Duck u» duck r»l times ur 7fi.3% of trials. 
After Bhocking adjacent chicks; Duck lo duck fi3 limes or 7S.8% of trials, 
Before re-shocking ndjnceni: chicks: 

Duck ta duck 69 times ui* 86,3% of trials. 

After rc-sKockhig ndjaceut chicks; 

Duck lo duck G5 liiuoH ot 81.3% of trials. 
PosifiQfis taken by chicks adjacent to shocked pairs of anirfiats 
Before shocking ndjaccat cliicka: CliJck to chick 52 tiiiic.s or 65.0% of trials. 
After shocking ndjacciu chicks; Chick to chick 55 times or 68. S% of trials. 
Before re-sUocklng nd)nceut chicks; 

Chick 10 chick 52 limes or 65,0% of trinla. 
After ie-shock\ng adjacent chicks: 

Chick to chick 5+ limes or 67.5% of trials, 
Before shocking adjacent ducks: Chick to chick 50 times or 62.5% of trinls, 
After shockiug adjacent clucks: Cluck to chick 56 limes or 70,0% of trials. 
Before rc-shocking adjacent ducks: 

Chick to chick 55 limes or 68,8% of trials, 
After rc-shockitig adjacent ducks: 

Ciiick to chick 56 times or of trials. 

PosUiojis taken fwhen all nnimah avrjv shorknl sinnil/aiieonsiy 
Duck td duck 64 tiincs or 80.0% of trials. 

Chick to chick 63 lime a or 78,8% of trials. 
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rather than the animal on the other side, it was regarded as inclining 
toward that animal. When it was difficult to determine the position 
relative to adjacent animals it was regarded as 'h'ndiffercnt'^ as to 
position. 111 the large majority of cases the tendency to ^^approach 
another animal” was ver}*^ pronounced. 

The 10 daily series of shocking experiments with eight chicks 
and eight ducks gave a total of 80 recordings for each kind of animal. 
The results may be summarized as in Tabic D. 

7. Conclinhii 

Unfortunately, this experiment, designed to investigate differen- 
tiated response to cries of like and unlike kind, affords little or no 
evidence for such response. 

For the ducks, it indicates the same tendency to approach like 
kind as was found in Experiment I. It is not clear whether the cries 
of the adjacent shocked animals was an important factor in this 
gregarious tendency. It will be noted » however, that when the ad- 
jacent ducks were shocked the other ducks exhibited less tendency 
to approach like kind, especially after the first shocking of the daily 
series, their behavior being characterized in some instances by violent 
attempts to escape from the cage. With the re-shocking of the 
adjacent ducks, however, this escape behavior was less pronounced, 
and the gregarious tendency somewhat more in evidence. Shocking 
of the adjacent chicks on the other hand, was characterized by fewer 
attempts to escape from the cage and by a somewhat greater tendency 
to move toward the other ducks. 

For the chicks, the results indicate a stronger tendency on the 
part of the chicks to approach like kind than was found in Experi- 
ment I. Again, it is not clear whether the cries of the adjacent 
shocked animals was an important factor in initiating the response. 
The chicks, however, showed little or no difference in their behavior, 
either before or after shock, or when adjacent animals of like or 
unlike kind were shocked. 

In addition to these slight differences, the equivalent experimental 
conditions of the peculiar arrangement probably serve to emphasize 
that the animals were responding to ”like and unlike kind” rather 
than to accidental minor differences in color, size, Intensity of 
chirp, etc. 
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]?, ExperimivKt III: Annicnvr: ItuspONSics to Crips or Like 

AND liNMKK AnIMALS IK THK DArK 

As both clucks fuul ducks sluuvcd considerable "diiitress” upon 
bcln^ isolated from one anntlier, especially in tlie dark» wlicn they 
could hear hut neither sec nor contact fine anollier, it ^v^\s decided 
to take advanta;,^c of this fact in an cxperimcnial Mtuatinn. This 
liatl the added advaniai^c of a more or less '‘nalurnl" situation rather 
than the move artificial one ui electric stimulation, 

i. The PrnhU fii 

How will chicks and ducks rcsjuiud Ui cries of like and unlike 
animals when isolated from <me another in darkness? 

2 , Mdivnah 

The same octap;onal ca^e (I'if^nrc 9) was used as iji tlie [uevious 
experiment except that the electric grids were rcinovcil from each 
of the eight compartments. Thus each chick and each duck was 
(Ifinkcd by both "like"' and ^'unlike” kind. 

Twenty-eight chicks and 28 ducks were used In tliis experiment 
in order that we might luive seven sets of four chickvS and four ducks 
each* to meet the requirements of the octagonal cage. U'lic animals 
were liatchcd together, of course, iji equal numbers of cachi and 
reared together in close confinement. 

3. Procedure 

The animals (which were handed and nuinhered, as usual) were 
placed in their respective compartments in the octagonal cage, in 
the (lark, in a dark room. Tlierc tlicy were left for a period of 
six minutes, during which time the cliirping was loud nnd incessant, 
As this cxperimcfit was designed particularly to study tlic behavior 
of animals with respect to cries from adjacent animals it wms decided 
to note the positional responses both in the dark and immediately 
after switching on the light. 

(ff). Position of the animals was noted at the cud of the six- 
minute period of darkness, before the light was switched on. A 
very weak beam of light from a pocket flash-light was cast momen- 
tarily upon the ceiling of the room at the end of the first five minutes 
of the six-minute period. This light was just strong enough to 
enable the two observers to note the relative positions of the animals 
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in the cages (the positions of the cages being noted beforehand), 
though scarcely strong enough to recognize the animals. 

(/»). At the end of the slx-mlnute period the light was switched 
on. Fifteen seconds later the positions of all the animals, with 
respect to their approach to like or unlike kind, was recorded simul- 
taneously two observers who had been seated quietly throughout 
the entire period a short distance away, from a position where they 
could look down into the cage. Results are given in Table E, 

TABLE E [in darkness) 

(28 ducks — t trial daily for ten days — total of 280 trials) 

Duck approached duck 1S3 timea or 54,6% of 280 trials 

Duck approached chick 94 times or 33.6% of 280 trials 

Duck approached neither 33 times or 11.8% of 280 trials 

(28 chicks — 1 trial daily for fen days — total of 280 trials) 

Chick approached chick 129 times or 46*1% of 280 trials 

Chick approached duck 121 times or 43,2% of 280 trials 

Chick approached neither 30 times or 11,7% of 280 trials 


As this period of darkness was characterized by much loud chirp- 
ing and attempts to escape from the cage, these figures cannot be 
regarded as a measurement of the tendency to approach another 
animal nor the ability to discriminate like and unlike kind. Yet 
the figures indicate some tendency to approach like rather than unlike. 
When the lights were switched on one mimitc Inter, attempts to 
escape were largely succeeded by approacli to other animals. 

Immediately upon switching on the light the cries of the animals 
stopped abruptly and almost completely. Those who were not 
already close together almost invariably ran quickly to one or 
another of the adjacent animals^ Approach to another animal was 
usually as close as the cages permitted, especially in the case of the 
ducks, and the positions were recorded with respect to that animal. 
In the great majoritj^ of cases the animal took up a definite position 
with respect to one or another of the adjacent animals. In a small 
number of cases the position of a given animal was determined as 
toward cliick or duck according as its head was to one or other side 
of the cage line dividing its cage horizontally. In a few instances, 
when there was doubt, or the animars body ranged liorizontally 
along the dividing line, the animal was regarded as ^'i nd iff e rent’' 
(Table F). 
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TABLK F (a/fer turnhig on Tight) 

(^S duchs — i dnily tnat far fcii Jnyi — fatal aj 2S0 frinfj) 

Diick BppronOicd liucV 196 tnncH or hi of the I rials. 

Duck Approached chick 70 times or in of fhc trials. 

Duck approached iicidicr 14 limes f»r in S.6% of die trials. 

( 2 <? chich — 1 (tai/y trio/ for Ccu t(<tys^ -fatal of 3S0 triiits) 

Chick npproDched chick MS limes or in Sl.HVJ' of the trials. 

Chicle approached duck 89 limes or In 31.8yh of the iilaU. 

Chick approached neither 46 linics or in 16,4% of the trials. 
lucid Of! fnfly it unfl he no ted from the above figures that! 

Ducks approached ‘'nnollicr nnimal" 266 (lines or in 91,4% of (he trials 
Chicks approached "another nniinnr’ 234 times or in 83.6% of the trials 


4, Cofichts/on 

The ducks display an ability to discriininatc tlic cries of like and 
unlike kind in the dark, the results heinp; closely comparable to 
those obtained in Experiment I, in which visual perception of 
cue animals was eliminated. Tlic behavior of the chicks, however, 
was undifferentiated in this experiment, with respect to like and 
unlike kind, In nddilioiii the behavior of the clucks was quite differ- 
ent from that in Experiment I, F, pcrliaps because bath experimental 
anil cue animals were in tlic dark, This suggests a differentiation in 
chicks and ducks both with respect to visual ability and emotional 
response to darkness, 

TAUDE 4 

Showing tub. PogiTioMAi, KttsvoNsita oi- Chicks ano Ducks 
Zti (he dork — at the cad of the first five minutes of the aix-mituite period 

of darkness, 

Duck^s behavior Chick’s behavior 


Days 

Duck to duck 
Number and % 
of cnaea 

Duck to chick 
Number and % 
of eases ^ 

Chick to cluck 
Number and % 
of eases 

Chick to duck 
Number and % 
of eases 

1. 

15 

S3.«9'o 

10 

35.7% 

IS 

53.6% 

!2 

42.9% 

2. 

16 

i7.tfo 

11 

39.3% 

16 

57.1% 

iO 

35.770 

3. 

12 

42.9fa 

13 

45,4% 

13 

46,4% 

14 

50.0% 

4, 

21 

7S.0<f„ 

6 

21,4% 

12 

42.9% 

13 

46.47® 

5, 

IS 


12 

42,0% 

1+ 

SO.0% 

11 

39.3% 

6. 

10 

3S.7% 

17 

60.7% 

U 

39,3% 

13 

46-,47o 

7. 

21 

75.0% 

7 

25.0% 

12 

42. 9 7o 

14 

50.07o 

8. 

16 

57.1% 

U 

39.3% 

13 

46. 47® 

10 

35.7% 

9. 

16 

57,1% 

9 

32,1% 

14 

S0,07ii 

10 

35.77® 

10, 

17 

«0,7% 

8 

28.6% 

9 

32.17® 

14 

50.07® 

Totals l$i 
Avetagea 

54.6% 

94 

33.6% 

129 

46.17® 

121 

43.27® 
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TABLE 5 

Showing the Positional RfispoNans of Chicks And Ducks 
Fifteen seconds after the light had been turned on following the six-minute 
period of darkness. 


Duck's behavior Chick's behavior 

Duck to duck Duck to chick Chick to chick Chick to duck 

Number and % N limber and % Number and % Number and %> 


Days 

of cases 

of 

cases 

of cases 

of cases 


18 

6 ^. 3 % 

10 

1'5J% 

15 

53.6% 

11 

39.3% 

2. 

IS 

«+.3% 

10 

35.7% 

13 

46,4% 

11 

39.3% 

3. 

19 

67, 

6 

21.4% 

18 

64.3% 

6 

21.4% 

+. 

16 

57.1% 

11 

39.3% 

15 

53,6% 

8 

28.6% 

5> 

19 

(57.9% 

4 

14.3% 

11 

39.3% 

12 

42.9% 

6. 

18 

64.3% 

10 

35.0% 

15 

53.6% 

10 

35.7% 

7. 

19 

67.9% 

8 

28.6 

17 

60.7% 

7 

25,0% 

8. 

21 

75.0% 

4 

14.3% 

16 

57.1% 

8 

28.6% 

9. 

23 

82,1% 

4 

14.3% 

17 

60.7% 

7 

25,0% 

10. 

25 

89,3% 

3 

10.7% 

16 

57.1% 

9 

32.1% 


Because of the distiubing nature of the setting (darkness), how- 
ever, the behavior of the animals in this instance cannot be regarded 
as an adequate measurement of the strength of either discriminative 
ability or gregarious tendency. The tendency which both chicks and 
ducks exliibitcd in going to like rather than unlike kind immediately 
after turning on the lights affords a much better measurement of 
both their ability to discriminate like and unlike kind and the relative 
strength of their gregarious tendencies, 

Since this differentiated behavior appeared from the first to the 
tenth day after hatching, against a background of equivalent environ^ 
mental conditions from birth, it must be regarded as innately 
differentiated, 

The following tables (Tables 4 and 5) show the positional re- 
sponses for each of the 10 daily series. It will be jiotcd that there is 
an increased tendency to approach like kind after the light had 
been turned on. The ducks also display a slightly increasing tend- 
ency to approach like kind throughout the 10 daily scries. 



V. EXPERIMENTAL STUDIES: RESPONSE TO 
INITIAL PERCEPTION OF WATER 

A. Constitutionally Differentiated Behavior of Chicks 
AND Ducks in Their Initial Response to Water 

Tile aim of this experiment is to investigate certain apparently 
innately differentiated perceptual abilities which arc closely inte- 
grated witli structuro-functional differences. Thus the pei'ception 
of water, just as the perception of like and unlike kind, does not 
depend immediately upon differences in bodily structure or function. 
Responsive tendencies and abilities, however (such as swimming) do. 
At first it might appear somewhat absurd to investigate experh 
mentally the relative behavior of chicks and ducks in response to 
water. "As a duck takes to water” has become a universally familiar 
adage. But to grant that course a duck will take to water'* 
is to grant a priori the innate character of such tendency or predispo- 
sition, integrated with structuro-functional organization. 

Further, we arc not concerned with the fact that their behavior 
ajter entering water is essentially different from that of chicks under 
similar conditions, nor 3Tt are we concerned with tlie cluck's apparent 
greater "enjoyment” of water, The point with which we are here 
concerned is, how do ducks and chicks respond to water before 
ever experiencing it, and why? Does this predisposition or tendency 
to enter water represent an innate aspect of "duck organization,** or 
can it be interpreted adequately in terms of environmental "condi- 
tioning?** 

Chicks and ducks differ, innately, in their structuro-functional 
organization, which obviously adapts the latter much better than 
the former to a semi-aquatic mode of living. It seems probable 
that we should regard native adaptability as closely Integrated with 
predisposition toward adaptive behavior. It is further quite probable 
that predisposition must be tli ought of in terms of response to initial 
perception or "facility of response*’ to perceptual experience. Duck- 
lings arc usually and normally reared in close contact with older 
animals from which they may be thought to "learn’* certain be- 
havior. If, however, we rear chicks and ducks in an equivalent 
environment, from birth, their differentiated behavior in response to 
their initial perception of water may be interpreted in terms of 
innate predisposition. 

The specific problems therefor — given an equivalence of environ- 
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mental experience, from birth, how wlD chicks and ducks respond 
to their initial perception of water? Further, with respect to our 
major criteria for innate tendencies adopted for this investigation 
as a whole, nameljr, that of "facility of response" and "ease of 
learning," with what facility or difference in facility do chicks and 
ducks respond to water, or "Icarti" to aiipraacii water, especially 
when encouraged to do so in order to obtain food? 

1. /Ipparatns 

The apparatus used in this cxpciimcnt was a “water bath^* or 
tank. It was constructed on a wooden frame, four feet long by two 
feet wide. This was covered with a screen of quarter-inch wire 
mesh, to serve as a floor. The purpose of this screen was to avoid 
the accumulation of food particles and water on the floor, as well 
as for sanitation. The entire frame M'as then enclosed with common 
chick wire, extending one foot above the screen floor (see Figure 10). 
Twelve inches from one end of this cage a hole was cut in the 
floor to accommodate a water-pan, 11 x 17 x 5 inches. Wooden 



4 ft., iLik: 


FIGURE 10 

Water Bath: The Respouse of Chicks aud Ducks to Tnem Initial 
Perception of Water 

E^ferimertt VL AnimaU pass through or around water to obtain food. 

Experiment VH. Animals must pass through water to obtain food (Par- 
tition 

Three ducks and three chicks were released simiiltniicoiisly from com- 
partmerkt 

Behavior was noted with respect to initial response to water, 

Behavior was noted with respect to increasing depths of water — food 
being thrown while the animals were restrained in compartment 
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svipports were inserted to support this pan, Tljis left a space of 
three and one-half inches at each end of the water pan across which 
it was possible for the animals to pass without entering the water. 
A wire gate ''G** which could be readily lifted, enclosed a six-inch 
strip at the far end of the cage, which was used as a starting 
compartment. 

A false bottom was then provided for the water-pan by cutting 
a piece of galvanized iron to a size which would just fit inside the 
pan. Four wooden strips, one by one-half inches and long enough 
to reach from the bottom of the pan to just above the surface of the 
water when the pan was filled, were placed, one near each corner 
of the pan. They were connected with similar wooden strips across 
the bottom of the pan for support. Narrow notches were then 
cut in the vertical strips, into whicli the edge of the galvanized 
sheet could be fitted. Tlie wliolc arrangemont was designed so that 
the false bottom (the galvanized sheet) could be inserted just above 
or just below the surface of the water, or could be lowered into the 
water at quarter-inch intervals at will. 

Nine chicks and nine ducks, four days old, were used. They had 
no previous experience with water except in the saucer of their 
inverted water jar, in which they could just wet their bills. 

2, Procedure 

a. Voluntary approach to the 'water. The apparatus was placed 
on the floor (minus the false bottom), levelled, and the pan filled 
with water, the temperature of the water being brought to room 
temperature. 

TJie nine chicks and ducks were divided into three groups of 
three each. For each trial six animals, three of each kind, were 
placed in compartment "C'' After a two-minute orientation period 
they were released by raising gate Immediately upon release, 

all the animals would run to the watcr-prin together, the ducks 
slightly in the lead. (We have already noted the greater impulsive- 
ness of the ducks.) In each case, all the ducks entered the water 
without hesitation, some of them swimming, emerging, and re- 
entering. Two of the nine ducks engaged in repeated vigorous 
diving. In each case iione of the chicks entered, though one, coming 
too near the edge, fell in. Its apparently terrified behavior and 
frantic efforts to escape were in marked contrast to the behavior 
of the ducks. (This point is relatively unimportant, as we arc con- 
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ccrned with response £o initial perception j hoc with behavior after 
entering, whicli depends upon structural rather tlian psychological 
differences.) 

i. Grossing water io obtain food, with choice of going around. 
The false bottom was adjusted so as to be just level witli the 
floor and slightly above the level of the water (three other chicks 
and tlu'ce other ducks, without previous experience with water) were 
placed in the starting compartment "C/"' Food (standard chick 
scratch feed), was scattered over a thick covering of paper over 
the wire floor, across from the starting place- This was done in full 
view of all the animals. 

The animals were then released at thrcc-ininutc intervals and their 
behavior noted. With each release the false bottom was lowerd 
onc-quarter inch. 

3 . Results 

As the results are typical they will be given in some detail for 
the first 10 trials. 

(rt) False botlom above water — dry 
All walk across for food. 

(ii) False bottom just wet 
All walk across without hesitation. 

(c) % in. water 

Diicka walked through, 

Chicks — one walked through, one around, nnotlicr entered water, dieii jumped 
rest of way across, 

Ducks walked through. Cbicka walked arouiuL 

(e) 3^ in, water 

Ducks drink, then enter. One squats in water, 

Chicks — all walk around. 

Ducks continue to stand in nnd drink. 

One eats while standing in water, anil drinks. 

All ducks get mouthful of food, then wade and drink. 

. Chicks do not enter nt all. 

(/) 1 in. water 

Ducks immediately enter and walk across. 

Chicks go around. 

One duck begins to make head and body movements and throw wnter 
with head. 

Another duck does same IS sec, later. 

Two largest of three ducks remnin in water to play, 

Ducks do not eat at all except for one or two moiillifuls each — -busily 
engaged in water. 

Chicks cat, but do not drink or approach to water, 
ilt) IM in- water 

Ducks drink 3 or + times, then enter, walking. 

One duck crosses water for food. 
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Two ocher ducks remain in water, and throw it about. 

Chicks walk around. 

One chick slipped at edge, one foot goes down to bottom, but is quickly 
withdravvn, 

Ducks apparently enjoying water. 

Chicks now peeping and walking around dejectedly; stand near water, 
apparently wet from nil the splashing by the ducks. 

(h) in. water 

Ducks stop at edge to splash — outside water. 

All ducks enter and start splashing- 

Tlien all get out to splash some more from the ^^shoreJ' 

Ducks now give no attention to food at all. 

Chicks walk around, peck listlessly at food. Not very hungry apparently, 
or very contented. Are splashed wet. 

Ducks get out and start pjccning themselves. 

(i) in, water 

(Lettuce is thrown on paper, on far side of water.) 

Duck 1 rnns across water for the lettuce. 

A chick steps in at edge of water and promptly jumps the rest of the way 
across. 

Duck 3 comes for a drink, Does not at once enter. Finally enters. 

Chick 3 comes to edge and goes back. 

Other chicks remain where they arc. 

Duck 2 remains where he is and preens self, 

Duck 1, the largest of the three, runs back and forth through the water. 

(i) in, water 

Duck t enters, stands, returns. Walks through. No attempt to swim. 
Chicks do not even approach. (Not hungry?) 

+. Summary of Results 

1. With equivalent environmental background, chicks and ducks 
display distinctly different behavior with respect to entering the water. 
Not at any time did a duck show hesitation to enter the water. 
There was rather a distinct tendency throughout to re-enter and 
disport themselves in the water. 

2. With a wet floor, the chicks did not hesitate, But, with water 
one-quarter of an inch deep the chicks showed immediate and decided 
aversion to entering, one walking through, one going around, and 
one jumping across. 

3. Not once, after the water was deepened beyond a quarter 
inch did a chick enter to cross. In every instance the chicks walked 
around. 

4. Not once, on the other hand, did a duck attempt to avoid 
the water, or to follow the example of the chicks in going around. 
In every instance they went into or through the water without hesita- 
tion, frequently re-entering for considerable periods at a time. 

5. After the seventh release, the water now 1J4 the 
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ducks seemed to have “forgotten" all about the food, and disported 
themselves in the water almost continuously, 

6 , Throughout the whole experiment, no duck made any attempt 
to swim, the nearest approach being that of Duck 1 , which “squatted" 
in the water at ^ in. depth. In the previous experiment, when the 
ducks voluntarily entered the water for their first experience ui it 
(without the false bottom) they immediately sivnwj with no apparenl 
attempt to zualk in it. 

7, This was, of course, the first experience of any of these 
animals with water other than that in their drinking fountain. In 
this experiment the chicks confined their drinking almost entirely 
to the fountain; the ducks almost entirely to the water in the pan, 
with occasional drinks from the fountain. 

8 , Throughout this experiment the ducks again showed their 
greater impulsive nature in that they appeared more eager than 
the chicks for release toward the water, and in that they were 
usually the first to reach the water, 

5. Co/ichsioH 

The conclusion drawn from this experiment arc incorporated in 
the conclusions of the next experiment, for the water experiment 
as a whole, 

B. Experiment V : Constitutionally Differentiated 
Behavior of Chicks and Ducks in Learning 
TO Cross Water for Food 

This experiment is in every way similar to the foregoing one 
except that in this instance the animals are prevented from going 
around the water to obtain food. If they are to cat they 7nusi cross 
the water, 

1- The Problem 

Given an equivalent environment from birth, and “equal oppor- 
tunUy to learn," how will chicks and clucks differ in facility of 
response j (^ 7 ) to their initial perception of water, and {b) to water 
which must be crossed for food? What will be the effect when the 
animals are thus “encouraged" to cross tlic water? 

The behavior of the ducks mfiy be anticipated from the results of 
the foregoing experiment. The problem, therefore, centers primarily 
around the chicks, With not only “equal oppoiTiinity" to learn, but 
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even with "forced Dppoitunit)^** to learn, any differentiation in be- 
havior tendency must he rooted in innate constitution rather than in 
environmental experience. 


2 . Jj ppnr/ilijs 

I'hc npparatiLS used m this experhnent (Figure 30) is the same 
as that in the previous water experiment, except that a wire parti- 
tion, one foot high, and extending from the side of the cage to the 
water pan at prevents the animals from going around the water. 
The animals must thus cross the water if they are to obtain footle 

Eighteen animals were used (not used in any other experiment), 
nine chicks and nine ducks, in groups of three cacli. Experiments 
were begun with these animals at 12 days of age. None of them 
had ever experienced any other water than that of their drinking 
fountain — an inverted pint fruit jar in a shallow saucer. 

3. Procedure 

Each group was placed in the apparatus and observed three times 
daily, for five days, at their regular feeding time, 8:00 A.M., 12 M. 
and 4:00 P.M. With each feeding for the three groups the false 
bottom in the water pan was lowered inch. The first time the 
groups were entered, the false bottom was adjusted so as to be 
just above the water level, and dry. With the next feeding, it was 
lowered so as to he just wet. With each succeeding feeding the 
false bottom was lowered bich more. This increase of depth 
three times daily was in order to teach "swimming depth" without 
too long a period of growth or development intervening. 

4. Results 

The results arc very similar to those in the previous water experi- 
ment. The clucks enter the water readily while the chicks attempt 
to avoid it. When the u-ater has reached a depth of they 

attempt to go around it. Prevented by the barrier they do go through 
the water, usually'’ entering after some hesitation and often with 
little jumps. When the water has become still deeper they attempt 
to jump or fly across, often from the top of the post near the barrier. 
Frequently they put one foot tentatively in the water and quickly 
withdraw it before finallj' Jnirjying across. Tlie total behavior, re- 
corded in some detail (but omitted here), indicates a great difference 
in behavior of chicks and ducks. 
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rf. Frogresslve development of behavior teudcjicies. As the experi- 
ment progressed the ducks clispla3'ctl a rapidlj^ increasing repertoire 
of bodilj' movementSp characteristic of ducks behavior. At first they 
merely M^alked in the water, stopping for frequent drinks and strain- 
ing food particles from the surface of the water with their bills, 
As the water deepened they spent much time throwing water with 
quick jerks of the licacl. At times they would stand on ojie foot and 
scratch the face with the other for considerable lengths oi time, 
Apparently they enjoyed the water most at a depth where they could 
sera tell, throw water, and preen while still being able to stand firmly 
on the bottom, 

The (lucks spend more and more time in the water with each 
scries. The chicks, however, appear more and more reluctant to 
even approach the water. When they acciuircd the method of hop- 
skipping or jumping across they were less hesitant in approaching 
though their reluctance to enter was no whit lessened. 

The transitiou from walking to swimming movements (ducks) 
seemed to be ver.v gradual, under ihc conditions of gradually in- 
creasing depth. As the water became deeper and offered more sup- 
port to the body, the ducks continued to walk with tlic feet less 
and less firmly on the bottom of the pool, As it became deeper still 
only the toes touched the bottom, Increased floating and decreased 
walking seemed to lead gradually to more swimming-like movements 
of the feet until finally the ducks were swimming, apparently with 
little notice of the change, except for gradually holding feet and 
legs in a slightly different position, and for greater jnobility. 

Chicks can swim, after a fashion, though with extreme reluctance, 
to say the least. One chick, fell accidentally into the water. Its 
frantic behavior was in sharp contrast to that of the ducks in the 
water. It moved back and forth along the edge of the pool for 
fully a half-minute. Fatigued, and unable to escape, it sank deeper 
and deeper. Upon being rescued it stood in a dazed manner, shook 
its bead with vigorous latcial movements at five- to ten-second 
intervaU for nearly an hour, when the shaking gradually diminished, 
and the chick recovered. Some ducks, of equal age, upon being 
placed in deep water for the first time, also showed considerable 
excitement, though quite different froin the frenzy of the chicks. 
Obviously structuro-functional factors, such as buoyancy, resistance 
to cold, etc., are important aspects of the total organization. 

The greater impulsiveness of the ducks is shown in their initial 
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and subsequent response to the perception of water and in their head- 
long entry, It recalls their impulsive '^launching forth” from the 
little boxes when they were first removed from the incubator, as 
noted in the preliminary observations. 

h. Axial head-tail movements. One of the most interesting phe- 
nomena of duck beliavior is the lateral sJiaking of the head and 
the vertical movements of the liead and neck. 

When disporting themselves in shallow water the ducks fre- 
quently made twisting vertical movements of the head and neck, 
a movement used in throwing water over the bod 5 ^ This movement 
continued as a quivering of the body, proceeding axially, from head 
to tail, and ending in a vigorous lateral shaking of the tail. 

Upon ^.merging from the water, however, a vigorous lateral wig- 
gling of the tail precedes a vigorous ”ducking^^ movement of the 
head, the movement being characterized by an obvious quivering of 
the body, and proceeding axially from tail to head. 

In observing the behavior of the ducks In the earlier '‘choice” experi- 
ments, it was noted that egress from the tunnel was almost invariably 
followed by a brief pause in passage, during which the tail was 
wiggled laterally in very vigorous fashion, the quivering proceeding 
axially throughout the body from fail to head, ending in a vigorous 
vertical “ducking” of head and neck. 

Half grown and adult ducks make similar movements upon hear- 
ing running water or upon seeing a pool of w-atcr thougli restrained 
from entering. In these instances the quivering proceeds from head 
to tail. The behavior of adult ducks in courtship is characterized by 
similar movements, in the same direction (as noted in the preliminary 
observations) . 

Observations seem to indicate that head-to-tail movements have a 
forward reference^ towards an action as yet incomplete. Tail-to^head 
movements seem to have a backward reference^ following the com- 
pletion of an act. 

5. Conclusion 

The water experiment affords striking evidence of innately differ- 
entiated behavior of chicks and ducks. 

1. They differ in their response to the initial perception of water; 
tlic ducks entering immediately, without previous experience; tlie 
chicks consistently refraining from entering upon their initial per- 
ception, even in the face of the example of the ducks, whom tliey 
accompanied to the water's edge. 
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To be sure, the ducks arc more impulsive ih their behavior. But 
even though their behavior should he regarded in this light, we 
nevertheless have an aspect of differentiated behavior of chicks and 
ducks. Other observations, however, including body posture and 
the differentiated behavior of chicks and clucks in the ^'dust-mud"’ 
situation in one of our exploratory observations, indicate that per- 
ceptual discrimination plays an important part in their behavior. 

2, They differ in their nbilHy to *'learn' to enter water not only 
with ^^equal opportunity to learn/* but with conditions weighted in 
favor of chick learning, i.c., encouraging them to enter the water 
by preventing their going around, and by further ejicou raging them 
to cross the water in order to obtain food (the ducks entered readily 
\Yithout cither of these incentives), chicks and ducks differ markedly 
in the facility with which they ham to approach water. Furtlicr, 
this difference is indicated in their iniital approach to water, and is 
not dependent upon the experience of having entered. 

3, These two criteria, that of '^appearance without practice,*' 
and that of relative '‘case of learning/' therefore combine to differ- 
entiate unequivocally the innate behavior tendencies of chicks and 
ducks. 

4, Chicks apparently have much less sensitivity in their feet than 
do the ducks. They require a stronger electric shock in their feet, 
and the exploratory observations showed them to be much less sensi- 
tive to the water they inadvertently stepped in. Yet, in strong con- 
trast to the ducks, they showed a strong disinclination to enter water. 

5, As these (Ilfferences in behavior tendencies cannot be due to 
environmental differences or experience, either before or during 
the experiment, they must be regarded as being rooted In differences 
in innate constitution or the "nature” of chicks and ducks. 

6, This difference in initial response to water, and in the rela- 
tive "ease of learning” to enter, in the face of equivalent environ- 
mental experience from birth, affords striking evidence for viewing 
structure, function, predisposition, and discriminative or cognitive 
ability as integral aspects of innate organl/^ation differentiating ani- 
mal behavior. 



VI. GENERAL CONCLUSIONS 

These experiments were conducted with a view to testing; Me- 
Dougfllls theory that certain perceptual abilities, affective attitudes, 
and behavior tcjidcjicics, as aspects of total beJiavior, have their basis 
in innate constitution. Our cxpcviiiiental observations indicate that 
this viewpoint is substantially sound. Differences in perceptual 
abilities arc, of course, not directly observable, but can only be in- 
ferred from differentiated behavior. Fur this reason we have at- 
tempted throughout all the experiments to place emphasis upon 
behavior tendencies from which differcJices in perceptual ability 
might possibly be inferred, rather than those involving gross ana- 
tomical and functional differences. 

We have not attempted to distinguish between 'learned" and 
'^unleaincd^^ behavior as sneh^ both because of the difficulty of mak- 
ing such a distinction and because we view beluivior in the light of 
an integrated, progressive development, birth being but an arbitrary 
point In the process. The facility with which certain tendencies and 
abilities appear, in the face of equivalent environmental experience 
is tliercfore regarded as a more suitable criterion of innateness tlian 
the unaided, elusive one of 'hmlearnedness/* 

Interested primarily in the innate ps 3 ^clmlogic«al b<asis of ha mm 
individual and social life, we found it desirable to use animals be- 
cause of the greater case of maju’pulation and control of the variable 
factors involved, i.e., heredity and environment. It seems reason- 
able to suppose that any conclusions drawn with respect to the origin 
and development of psychological traits are applicable in vaiy/ng 
degrees to both human and animal psychology. Further, we are 
confident that if it can be demonstrated that certain general or 
specific behavior tendencies, are rooted in innate constitution, these 
factors must be taken into account in all educational and social 
theory and practice. For example, as long ago as 191+, Halm 
and Thorndike (27) concluded that, “Nature, not nurture, seems 
to be the chief cause of the differences in ability to add found in 
children of the same school grade. Equalizing opportunity does not 
seem to equalize achievement,” 

Our various observations permit us to draw the following 
conclusions ; 

1. Chicks and ducks, reared under equivalent environmental 
conditiaris, from birth, display different tendcncjes jj] their beJiavior. 
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They tend more readily to approach their own kind, they differ 
in the strength of this gregarious tendency, and they respond differ- 
ently to their initial perception of water. 

2. From these directly observed behavioral differences, especially 
with respect to like kind, we infer a necessary innate difference in 
discriminative or cognitive .ability. 

3, As this behavior is differentiated through facility of response 
or “ease of learning" in the face of e(|iiivaicnt environmental con- 
ditions from birth, tliesc differences in bcliavior tendencies must be 
regarded as rooted in differences in innate constitution rather than 
in diffeiences in environmental "conditions," though the envvvovv 
ment, as an aspect of the total situation, docs, of course, e,\crc a very 
profound modifying influence. 

4, There seems to be direct evidence that these tendencies and 
abilities, observed and inferred, respectively, from differentiated be- 
liavior, represent a process of maturation and progressive develop- 
ment. There is therefore no good reason to suppose that all 
differentiated behavior must necessarily be present, full-blown, imme- 
diately at birth, in order to be regarded as rooted in innate 
constitution. Post-natal behavior tendencies must be regarded as 
aspects of a continuing, progressive physiological and psychological 
development, which has its roots in pre-natal organization. Accept- 
ing '‘birth" merely as a more or less "natural" yet arbitrary point 

this progressive, dovelopmeut, vfe find that chicks zud ducks do 
give evidence of differentiated behavior tendencies and discriininatory 
abilities immediately after birth, 

5. Wc conclude, finally, that both human and animal behavior 
represent a developmental process, growing out of the matrix of pre- 
natal organization, in which bodily structure and function, adapta- 
bility, predisposition, and perceptual ability arc integrally related. 
And we will do well in our educational practice to recognize that 
development is a continuing process in which all behavior must be 
regarded as the integrated expression of innate factors and environ- 
mental experience. 
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FOREWORD 


The Jiuthors of this treatise have evaluated quantitatively the in- 
telligibility of the speech of 192 deaf pupils from 8 to 20 years of 
age in two schools for the deaf in which the oral method is used ex- 
clusively as a means of classroom instruction. Short, simple sen- 
tences, each one comprising a single idea well within the ken of the 
subjects and requiring several seconds of articulatory effort, were 
used ; thus affording means of appraising other speech characteristics 
such as phrasing, accentuation, and rhythm, In addition to recording 
the precision of articulation. All types of errors contributing to un- 
intelligibility have been reduced to two general categories — errors 
of articulation and errors of rhythm. The authors contend that 
rhythmical or non-rhythmical utterances affect speech as adversely, 
if hot more so than, errors of articulation per se; and that the ^‘Ele- 
ments Method, which is used in the schools under consideration, 
may be responsible in large measure for the sizeable number of errors, 
primarily in rhythm, acccntiiatlonp and phrasing, The authors sug- 
gest that in the* light of the results yielded "current methods of 
speech teaching in schools for the deaf” ,should receive careful con- 
sideration as to their effectiveness in the production of intelligible 
speech , 

Whether sub-standard proficiency in the speech of the deaf child 
can be ascribed, mainly to a method of instruction as such may be 
questioned, due to the difficulty of isolating or controlling all vari- 
ables in an investigation of such highly complex human behavior. 
Speecli IS the most intricately integrated of all human performances 
in spite of the fact that it is acquired without any formal instruction 
by the hearing. The congenitally deaf acquire it only through con- 
sciously controlled processes and inevitable formal instruction. Un- 
doubtcdl}*', after more definite and explicit knowledge of speech pro- 
duction and the functioning of the speech mechanism in its parts and 
as an integrated v/hole are available it should be possible to get more 
satisfactoiy sjjcech or so-called better speech from the deaf cliild. 
All teachers of deaf children using the oval method know that much 
is to be desired in their speech. Wc realize it and arc constantly 
striving for better speecli. In accord with this objective procedures 
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ill our school will be most crircfully exiuiiiiicd in line w'itli the sug. 
gestions of the autliois and such inodilieatioiis and alterations adopted 
as subsequent experience justilics. 

I'liE Trustees oi-' The Ci-aukk .Schooi. ron tjie Deaf 

Not lh(iiiiptoii, J\JassacliiiSells 



L INTRODUCTION 


This paper presents a detailed analysis of speech samples obtained 
from 192 deaf pupils between the ages of 8 and 20 years, with hear- 
ing losses ranging from a slight impairment to profound deafness. 
The data were obtained from the pupils of two residential oral 
schools for the deaf. The purpose of the investigation was two-fold: 

to identify speech errors, to classify them into general categories, 
and to determine their frequencies; and (b) to determine the xdn- 
tive effects of each type of error upon the intelligibility of the speech 
samples. 

Tlie teaching of speech to deaf children should have for its chief 
purpose the development of an intelligible medium of communica- 
tion. If this purpose is to be achieved it is essential that the charac- 
teristic errors in the speech of deaf pupils, those errors which by their 
frequency of occurrence and general characteristics offer the greatest 
hindrances to speech intelligibility, be well understood, 

The results of this investigation arc of interest primarily to 
teacliers njid administrators in schools for the deaf. The materials 
to be presented, however, should be of interest also to phoneticians, 
phonologists, speech pathologists, and psychologists, all of whom are 
interested in one or more aspects of the complex problem of speech 
and language development. 

The speech of deaf and partially deaf pupils exhibits wide varia- 
tions in degree of intelligibility. Factors upon which intelligibility 
depends are both general and specific: General factors include speech 
rhytlnn, which involves accentuation, grouping and phrasing; voice 
quality; and intonation. Specific factors include; the relative 
accuracy, In both quality and function, of individual phonemes which 
combine to form words and phrases; (Z>) the manner in which these 
phonemes combine or fuse in syllables; and (e) the accuracy of co- 
ordination between the articulatory organs which produce the 
phonemes and the chest-abdominal muscles which control the move- 
ment of the air-column in the production of syllables. 

The teaching of speech to deaf pupils is essentially a matter of 
teaching a motor skill. The normal child develops this skill early 
and with little or no specific training since the sounds produced by 
the spcecli movements themselves provide ample sensory cues. With- 
out the benefit of the sense of hearing to guide him the deaf child 
must rely upon visual, tactile and Icinacsthctic cues for the control 
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of Speech movemcnis. The speech mcclianiMii is made up of groups 
of widely distributed muscles which become coordinated into close 
functional relationship in the process of speech production. The 
accuracy of speech, or its iniclligibilliy, therefore, depends not only 
upon the accuracy of each component movement, hut even to a 
greater degree upon the accuracy of timing and synergic action of 
individual components of the speech mechanism as ,1 whole. 

Indeed, the aecutacy of individual movements within the speech 
coordination may vary widely without materially affecting speech 
intelligibility, A study of the degree of toleration of speech inac- 
curacies permitted by the iwrmal car would be most revealing. The 
types of inaccuracies which occur in the speech of deaf children dlKei 
from those which constantly occur in the daily speech of hearing 
persons. For this reason normal hearing persons who tolerate wide 
variations of degree of accuracy in the careless speech of their friends 
have considerable difficulty in imderstanding the speech of deaf chil- 
dren, With intelligibility the primary goal in teaching speech to 
deaf children, therefore, it seems essential to determine not only 
the types of errors which occur but in addition the relative effects 
of these errors upon speech intelligibility, 



II. SOME PREVIOUS STUDIES IN THE SPEECH 
OF THE DEAF 


There has been no previous attempt to the writers^ knowledge to 
work out experimentally the relationship between errors of articula- 
tion and rhythm and intelligibility in the speech of deaf children. 
Comprehensive studies dealing with various aspects of the speech of 
deaf children have been presented and comparisons have been made 
between the speech of deaf and normal hearing subjects, Of these 
studies those of Hudgins (9), Rawlings (12), Voelker (22), and 
Scurl (13) may be mentioned, 

Hudgins (9), 193+, made kymograph recordings of speech breath- 
ing movements and buccal pressure tracings of 62 deaf and 25 normal 
subjects as thej^ repeated phrases of 4, 5, 7, and 9 syllables in length. 
The records were measured to determine the relative amount of 
breath used per phrase, and the rate of syllable utterance. The 
speech of the deaf group showed the following abnormalities: (^) 
slow and labored speecli usually accompanied by high chest pressure 
with the expenditure of excessive jornounts of breath; [b) prolonged 
vowels with consequent distortion; (c) abnormalities of rhythm; 
{(1) excessive nasality of both vowels and consonants; and (g) mal- 
function of consonants with the consequent addition of adventitious 
syllables between abutting pairs. 

(12), J935, using method simjTir to that of Hudginsj 

recorded the speech breathing movements of deaf and normal sub- 
jects as they repeated a short prose paragraph instead of the discon- 
nected phrases. His results were similar to those of Hudgins. His 
method permitted the comparison of the amount of breath consumed 
while speaking and while breathing quietly for an equal period of 
time. He found that normal speakers use approximately the same 
amount of breath while sneaking in a conversational tone as they use 
in quiet breathing over a similar period. Deaf speakers on the other 
hand use a great deal more breath while speaking, 

Scuri (13), 1935, studied several aspects of speech breathing in a 
group of 50 deaf subjects between the ages of 8 and 18 years. Kymo- 
graph records were made during ciuiet and deep breathing, during 
the articulation of vowels, while r^reatine ohra‘=‘es of varying lengths, 
during spontaneous speech, and while holding the breath at tiie end of 
Inspiration and again at expiration, Sciiri^s results agree with those 
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of Hudgins and Rawlings mentioned above. ‘In addition he found 
that congenitally deaf children have poor voices resulting from their 
inability or failure to complete^' dose the glottis, Ojic of the pi> 
niary reasons for the brcnthincss of voices of deaf children, he thinks, 
is due to their inability or failure to bring the vocal folds into the 
proper degree of approximation for voice production. This defect 
also accounts in part for the excessive amount of breath which aC' 
companies the speech of deaf children, The fact that among the 
pupils studied the younger ones just entering school and those who 
were of giaduating age had less difficulty in controlling the laryngeal 
muscles Indicated to Scuii that speech training interfered with the 
normal functioning of the laryngeal nuisclcs, and that later develop- 
ment tends to restore this function, 

Voclkcr (22), 1935, compared ,i group of deaf children with tlicir 
teachers and with hearing children of the same age in terms of pitch 
changes during speech, "duration of plionation," and length of pauses. 
He found that 80 per cent of the deaf children had less average 
pitch changes than normal speakers. The maximum "pimnation du ra- 
tion” for deaf cliildrcij w.'is more than four times that of normal 
speakers, Deaf children "took almost four times a.s long to say n 
sentence on the average as did the normals.” Deaf children "used 
three times as much phonation to say a sentence on tlic average as 
the normals." 



III. METHODS AND PROCEDURES 

Tl\e essential methods of the study consisted of: (^r) obtaining 
phonographic recordings of speech samples from a large group of 
deaf children; (Z>) testing the samples for intelligibility by having 
groups of li caring persons, serving as aiulitors, listen to reproduc- 
tions of the records; (c) aiiah^zing the records for articulatory and 
rhythmic errors by repeatedly reproducing them and phonetically 
transcribing tlie speech materials; and (d) determining the relative 
effects of speech errors upon speech intelligibility by correlating 
speech errors with errors of aiiditois. 

Test samples of the speech of 192 deaf pupils between the ages of 
8 and 20 years from two oral schools for the deaf were obtained, 
The samples were electrically transcribed on cither aluminum or 
acetate discs. There arc advantages and disadvantages in this 
mctliod, The disadvantages of this method of testing for speech in- 
telligibility lie in the inherent defects of the electrical recording 
method, the lack of complete fidelity of recording and repro- 

duction. The loss of accuracy incurred by using this method, how- 
ever, was minimized as far as possible by using the best type of com- 
mercial recording apparatus available at the time of the stud 3 % 1936- 
37. Furthermore, the loss in intclligibilit 3 % or accuracy, incur red 
should be a constant factor operating throughout the entire group of 
subjects rather than penalizing single individuals. There are two dis- 
tinct advantages in the method which out-weigh, for our purpose, the 
disadvantages; (/?) The auditors listening to the records must get cues 
from the speech sounds alone without the aid of lip-reading which 
is an important factor in face-to-face speech tests, {b) The speech 
recordings provide a permanent record of the speech of each individual 
which can be studied and transcribed at leisure by the experimenter. 

A. Test IMaterials 

The test materials used consisted of 1200 simple, unrelated sen- 
tences t 3 n)C writ ten on cards in sets of 10 and numbered from 1 to 10. 
The teachers of the pupils to be tested collaborated with the experi- 
menters in constructing the sentences. Difficult and unfamiliar 
words as well as complicated grammatical constructions were avoided. 
No attempt was made to ''load'* the sentences with any particular 
t3'pe of words or sounds. The sentences used were short, simple 
statements or questions ranging in length from 6 to 12 words. A 


299 



300 


GENETIC PSYCHOLOGY MONOGRAPHS 


sample card chosen at random showing the type of sentences used 
follows ; 

1. Sally likes to swim. 

2. She bought some bread for her mother. 

3. Bob has a little black dog, 

4. Polly helps her mother every day. 

5, We saw many cows on the farm. 

6, The baby bear likes milk. 

7, Have you a toy train? 

8, Four and five will not make ten, 

9, Butter is made from cream, 

10. A baby sheep is a lamb. 

The sentences used at Clarke were also used at Mt. Airy plus an 
additional 18 sets. 


B, Recording 

Each pupil was allowed to read over silently, and at least ojice 
aloud, the test sentences before his speech was recorded. Unfamiliar 
words, or words mispronounced during this preliminary reading were 
explained or corrected. The cutting head was lifted from the re- 
cording disc momentarily between sentences in order to separate each 
sentence from another by a narrow blank record space and thus make 
it easier to Identify each sentence later, Larger spaces were left on 
the record between groups of 10 sentences, of the test materials of 
each subject. All of the recording equipment was set up in semi- 
soundproof rooms, 

The younger children were brought to the room by their teachers 
who gave them the necessary instructions and assisted generally in 
directing the test, The name and age of each pupil was recorded 
on the discs following the test material as a means of indent ification. 
Each record was played back immediately it was made and, if found 
to be defective, a duplicate Avas made, 

C, Auditing the Records 

The records were audited bv persons familiar with the speech of 
the deaf. Teachers in both schools represented by the pupils served 
as auditors as well as students of the Teacher Education Department, 
Clarke School, who had been observing deaf pupils for at least sev- 
eral months. From 5 to 10 persons served as auditors for all records; 
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the average number of auditors was 7. Persons totally naive with 
regard to speech of deaf pupils would have been of little value as 
auditors since they are often distracted by the peculiar voice qualities 
common to deaf pupils and thus lose much of the content. Special 
audition jotfus were provided which contained spaces for indentifica- 
tion data and spaces in which each of 10 sentences could be written 
three times. The auditors received the following instructions: 

You will hear recordings of the speech of deaf children. The 
material consists of short unrelated sentencea. Each sentence 
will be reproduced three times and you will be allowed time be- 
tween 'reproductions to write down what you think the child says, 

Please write down wlut you think the child says after each 
reproduction, correcting what you formerly wrote if you have 
reason to believe that you were wrong on your first or second 
trial Please do not guess wildly, but write down ns nearly as 
possible what you think the child says. If you do not under- 
stand whole words indicate the sounds as nearly ns possible. 

D. Subjects 

One hundred and ninety'two deaf and partially deaf pupils chosen 
from two oral schools were used in the study, The Clarke School 
group consisted of 87 pupils between the ages of 8 (one case) and 19 
years. The Clarke pupils were evenly divided as to sex, there were 
43 girls and 44 boys; these Included all of the pupils in the 
Intermediate and Grammar Divisions; no pupils were tested in the 
Primary Department. The Mt Airy groups consisted of 105 pupils 
between the ages of 8 and 20. Three classes from the upper grades 
in the Primary Department were included. Of tltese 43 were girls 
and 62 were boys. The choice of pupils who were used in the 
study from Mt, Airy school was left to the principal and to the 
supervising teachers in each of the three divisions. They were asked 
to select those who were listed as being either congenitally deaf or 
those who had become deaf at prc-spccch age; those of average in- 
telligence or higher; and those who represented varying degrees of 
deafness from h a rd-of-li earing to profound deafness. 

The entire group from both schools, therefore, consisted of 192 
pupils, 86 gills and 106 boys. Audiograms were available for all 
pupils studied by which it was possible to group the pupils into three 
groups according to the degree of hearing loss. The audiometric 
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classi/ic?itio(i used hy Ciuilder rind Hopkins (6) was used. ]]y this 
method the pupils were divided into three ^^roups: J, B, and C ac- 
cording to the degree of lieiiring loss as determined hy tlic audio- 
meter test, The hoiiiidaries between groujis arc arhltrarily fixed by 
matliematical formulations (0, pp, 73-74), A score of 800, 100 
for each of eipht oclnves (6+ to 8102 d. v/sec,) incliulcd in the 
hearing range tested, is coasitleicd perfect or utuiual heaving. In- 
dividual scores are based on the sum of the percentage of bearing at 
each of these eight octaves. The percentage of hearing at any single 
□ctnve \$ obtained hy dividing the decibel loss by the total intensity 
range possible at that pniticular octave and multiplying by 100. Ily 
using this system the hard of hearing pupils, Group arc those 
\vliasc total score ranges from 700 to 426; tlic partially deaf pupils, 
Group liave a range between 425 and 226; and tlic profoundly 
(leaf pupils arc those whose total scores range between 225 and 0. 
In the Wo school populations there were 21 pupils in Group //, 
the ‘*hard-ofdicaring’* group; 56 in Group //, the ^h^^O'tially deaf" 
group; 115 in Group G, the "profoundly deaf" group, Pupils in 
Groups /I and B have sufficient residual liearing t(j benefit hy tlic 
use of hearing-aids, those of Group C may pcjssihly he benefited 
by the use of hearing-aids but to a much lesser degree tlian those of 
Groups /} and IL All of the pupils in Groups A and B from tlie 
Mt, Airy School were using group-licarlng aids for all of their class- 
Toom woYk; only a part of these same groups of the Clarke pupils 
were ueing hearing- aids at the time of this survey. 

E. Analysis of thk Data: RIi-thods 

The original data consisted of acoustic records of speech samples 
taken from 192 deaf children. Approximately 1400 niulition-recorrls 
were obtained from these by the method of having groups of audi- 
tors listen as the acoustic records were reproduced. Each audition- 
record consists of the auditor’s response to 10 sentences reproduced 
three times. 

Speech intelUgihiLlty scores were determined from the audition- 
records as follows: Credit of 10 points was given for each sentence 
understood by each auditor, No credit was allowed for partially 
correct auditions. Thus the diflicuUics involved in attempting to 
assign objective scores to partially completed sentences were avoided. 
The three repetitions of each sentence during the process of auditing 
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the records gave tlie auditors an oppportunity to correct first impres- 
sions; thus the pupil was given a fair chance to obtain a legitimate 
intelligibility score since he was not penalized when sentences were 
not understood on the first reproduction. Each auditor, therefore, 
contributed a single score for each pupIL An average of the total 
number of auditors’ scores was taken, as the final intelligibility score. 

The maximum score was 100 since each of 10 sentences was given 
a credit of 10 points. 

After the auditions were completed the acoustic records themselves 
were analyzed by two experim enters who were familiar with methods 
of phonetic transcription. The method used in this analysis was that 
of having one of the experimenters reproduce tlie record while the 
other transcribed phonetically tlie sounds spoken by cacli pupil in 
his efforts to repeat the sentences. The final transcription was based 
upon the common agreement of the two experimenters. In the same 
manner the rhythm of the sentences was transcribed in appropriate 
symbols just as it was spoken by the pupils. Several reproductions of 
each sentence were necessary for this type of transcription. One of 
tlie two experimenters had copies of the speech material which was 
being reproduced, 

A reliability coefficient of ,90 was obtained for this method of deter- 
mining articulatory errors in the speech tests, The method of deter- 
mining the reliability was the '’spHt-half' method; The number of 
errors in the five odd numbered sentences (in sets of 10) were cor- 
related with the total for the five even numbered sentences, A co- 
efficient of correlation of .81, P.E. .03, was obtained for the split- 
half of the sentences. By applying the Spearman-Brown formula 
(7, p, 419) a reliability coefficient of .90 was obtained for the total 
number of sentences analyzed, 

Th(E phonetic transcriptions of the speech materials contained all 
of the errors of articulation and errors of rhythm made by the pupils. 
These data were analj^zed for the purpose of relating articulatory 
errors and audition errors. No articulatory error was included in 
the final data that apparently did not cause at least one auditor to 
err in his interpretation of the sentence in Cjuestion. The treatment 
of the errors of rhythm will be discussed in Section IV, G. 

F. Consonant Eeuor Catkgories 

The next step in the analysis consisted of analyzing the articufa- 
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TABLE A 
Key Alpjiahet^ 


C0Hi07A{inh 


p 

^in, tup 
din, cii^ 

iM 

aiziirc, rou^fc 

b 

ell 

fAokc, rich 

t 

/cn, bef 

i 

jokCf ruige 

d 

den, hed 

m 

//jet, lii//j 

k 

come, baci 
f/um, t>n^ 

/an, sa/fi 

n 

//cl, llii/i 

g 

UR 

, tiiiug 
/aid, dcii/ 

f 

1 

V 

“Van, sa'vc 
</ilgh, bath 

V 

raid, dca/* 

t'b 

w 

wt, 

t=h 

My, bathe 

y 

yet, 

s 

ieaL race 

wU 

W/cn, 

z 

eeai, raiVe 


ham, 

sh 

i/iore, n»/i 

f'owis 


0^0 

stool, you 

cc 

brfit, cflsc 

Irt, edge 

0®0 

wool, book 

-e- 

0-C 

pope, toi\e 

-U 

sit, is 

awr 

f7wed, 

-a- 

prft, am 

a(r) part, nlma 

n-e 

/IRC, pny 

-u- 

s«n, ton 

i-c 

b/tc, /lisle 

\ir 

lirgc, fi/at 

o\i 

out, po’ujcr 

-0- 

hot, odd 

oi 

oil, boy 


^Uis system IS based upon the common EnRlisU spclliiiF^s of the several 
phonemes and familipr fo fcncJicrs of the denf «ia (he Norfhmnpton Chart 
System (2+, pp. 10-11), 

is not listed ns a hnal consonant on the Nortbnmpton Charts, 

tory errors (Table A) and classifying tlictii according to error types or 
G^tegorics. Consonant crroi-s were assigned to seven categories while 
vowel errors fell into five categories. A brief description of each 
category follows; 

1. Errors involving the confusion of tlie surd-sonant (voice- 
breath) distinction. This type of error occurs when p is given for b, 
t for k tor g, or / tor v, and eh for ;; in other eases the reverse 
occurs, thus b may be given for p, but in general the surd is substi- 
tuted for the sonant. This type of error may be completely confus- 
ing when the error produces a word with a totally different meaning 
such as h(7t for bad, curl far girl, coat for goat. 

2. Substitution of one consonant for another, such as tv for r, I for 
if t for sj thus ivou is heard instead of run,. Any consonant may 
conceivably be substituted for anotUev bvit there arc definite trends 
in substitution as will be shown later, 

3. Errors involving control of the velum (nasality of consonants 
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or the Ijick of it). Thus m, iij or nff fire substituted for p/b^ t/d^ 
or k/^/. The reversal of this trend also frequently occurs, thus p ot b 
is substituted for 7 n^ or d for ?i, k ot p for Any consonant ma}' 
become nasalized due to the failure of the child to elevate the velum 
sufficiently to close off the nasal pharynx. Extreme forms of nasality 
appear in cleft palate speech when the closure of the nasal pharynx 
is impossible, 

4. Errors involving the articulation of compound consonants. 
These take one of two forms: [a) One or more of the members 
making up the compound may be dropped ; thus sti-eei becomes street, 
^treei or even ieet, place becomes p^ace. (b) The members of the 
compound are given too much time and spoken too slowly with the 
result that adventitious syllables are added to the word; thus snozv 
becomes su now, birds becomes bir dus, six becomes sikns. This type 
of error involves both the phonetic structure and the rhythmic pat- 
tern of tlie phrase, 

5. Errors involving abutting consonants, In words or phrases 
where the final or arresting consonant of one syllable abuts with 
the releasing consonant of the next, e,g. fla^/iole, fi//een, deaf children 
often fail to observe the arresting function of the one consonant and 
disjoin the articulatory organs before the closure of the following 
consonant occurs. The result is the addition of an adventitious syl- 
lable, Instead of flagpole or fifteen we hear flagwpole, fifr^een. 
Both the phonetic structures and the rhythmic patterns are changed. 

6. Non-function of the arresting (final) consonant. The con- 
sonant movement is either dropped out entirely or the movement is 
incomplete, or again it may be so slow that its dynamic effect upon 
the preceding vowel is lost. In either case the syllable is not arrested 
and the vowel trails off slowly. Thus Paul becomes pan* . , 
house becomes hou\ ... 

7. Non-function of the releasing (initial) consonant. The con- 
sonant movement fails to close or to make the proper juncture 
with the opposing surface thus preventing a sufficient constriction 
for the air pressure to produce the consonantal effect upon the 
syllable. Tlie articulatory movements may be made hut they are 
too slow, or the proper closure is not made. They have no resem- 
blance to the consonant movement; and become passive “oral ges- 
tures'* lacking In all the dynamic qualities of true consonants. The 
acoustic effect is that of dropping the consonant. 
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G. Vo\vi:l Krror CATi-conrEs 

1. Substitution oi one vowel lor another, lliiis jvfplc for lor prople, 
Jffiic for John. 

2. Errors involvini' diplilhonKs. 'rhese take one of two forms: 
(/?) the diphthoiif' Is .split iniikiM;; two distinct vowels instead of a 
fusion of tlic two components. This is caused hy the slowly exe- 
cuted movements of articulation which nllctw too much time for 
the vowel and the improper coordination of hrcatliing muscles. An 
example of this type of error is bau-ee for boy, da-ec for day. (b) 
One of the components of the diphtluiiif^, usually the final member, 
is dropped. This is caused by a failure to make the complete articu- 
latory movement, thus 1 becomes fir, found becomes fond. 

3. Diplithongization of pure vowels. Tlic slowinR down of articu- 
latory movements and a continuation of the voice diirlnp the transi- 
tion from one sound to another often has the effect of making diph- 
thongs out of pure vowels. For example, in the phrase "how do you 
do" the vowels oo arc continued while the articnlaLory movements 
arc slowly moving to form the iic.vt consonant and the phrase be- 
comes "how-ee do-ee you-ee do-." 

4. Neutralization of pure vowels. Tn this case the oral move- 
ments required for producing the vowel arc not given full value and 
the vowel appears to fade out, loses its quality and becomes more like 
the neutral vowel Tlie syllables arc usually shortcued and arc 
not givea their proper degree of stress. 

5. Nasalkation of pure vowels. Any vowel may be given too 
much nasal resonance and the tone takes on the quality of "cleft- 
palate" speech by the failure of the subject to control the velum dur- 
ing the articulation. It is often difficult to dcferminc whether the 
consonant movement ov the vowel is at favdt for the nasality is pres- 
ent in both. 



IV. RESULTS 


The speech errors fall into two general types: (a) errors of 
articulation including consonant and vowel errors; and (h) errors 
of rhythm. Other defects such as defective voice quaJity, false 
ijitonation, and monotonous speech, while present could not be 
systematically anal 3 ^zcd into quantitative terms and are not included 
in the study, Pecularities of voice quality and Intonation arc com- 
mon in the speech of deaf children and, of course, exert some in- 
fluence upon the intelligibility of their speech. While these factors 
are not included in the quantitative data they are, at least in pait, 
controlled bv' using as auditors teachers and student teachers familiar 
with the speech of deaf children, The use of auditors totally un- 
familiar with the speech of deaf children would have given undue 
emphasis to qualitative aspects of the speech samples. The articula- 
tory errors and errors of rhythm, grouping, and accentuation of 
syllables could be determined directly from the recorded speech 
samples. Furthermore, the effects of these errors upon speech in- 
telligibility could be determined by checking them against the audi- 
tion-records, 

The results are presented in the following order; (a) General 
analysis of articulatory errors; {b) discussion of individual consonant 
error categories; (c) discussion of individual vowel error categories; 
(r/) the relative importance of error categories with reference to 
speech intelligibility; (e) analysis of articulatory errors according 
to degree of he«aring loss; (/) articulatory errors and age; (ff) analy- 
sis of errors of rhythm; (/i) the relative difficulty of individual 
phonemes as determined by frequency of errors in the speech of 
the deaf. 

A. General Analysis of Articulatory Errors 

Clarke pupils (87) made 1,963 consonant errors; this was an 
average of 23 errors per pupil, and amounts to 22 per cent of all 
consonants in the test material. Mt. Airy pupils (105) made a 
total of 2,154 consonant errors, or an average of 20 per pupil and 
approximate!}^ 20 per cent of all consonants in the speccli material, 
Vowel errors were fewer among both groups: the averages were 
9 and 8 per pupil for Clarke and Mt. Airy respectively, or 12 and 
11 per cent of all vowels attempted. 

The distribution of articulatory errors according to individual 
categories is presented in Table L This is an over-all presentation 

307 



308 


CEI^ETIC PSYCHOLOGY MONOGRAPHS 


2 


o 00 o in 

^ T-l IH NO fO 

1-1 «S| 


cS w-i cn ON No 

NO ON ■ ' ■ ‘ o 


^2-2 u jS 

4> O 
O* 


o Q o W1 

O o 

NO NO *-H 

O O rH 


O VO O Q o o 
00 VO Q og CD eo 

CO t>0 04 CO 


ifs 

§^'^C 

<sg5 

I1l-3 

gl? gw 

Sg|2 

3 ‘‘i 5 

5 « D « I 

* Is 

5 s 9 

s, a wC 

pi 


^ o 3 E 


ca H* I'V 0 ^ 

N CO DC 

CO «-« 


in M -h 

H* <n in 

ri *n i-H 


MOO O C* 

*n o o M o c'V 

tn 00 6^ O' O ^ 

VO CO oo rf 


•n eg o 

MO 
1^ MO 


OH; 03 '« tn o 

VO t-i CO ov cJ 

VO »-( O 


eO ts tA «n 
in VO In. 00 


in p in CO VO 

Vo os 1-5 M ’ ^ 


<s> o Q o 

cO VO VO VO 
CO 00^ 00 
vn* VO vfiT vo“ 


o o m 1-1 o o 

Vo O' Os OS t^ c5 


i H 

s* 2 s 

H is tl oTi , 

q Q rt wj u 


iC H 

3 o TJRI rt 

a'Sfrg 8 gigS^s 
« ’fl ^ §, S 'g S g; bj’g; c -S 
3-a|8|8 5 -SgS| 

m2o < P P H 


d «.s ■'0 

g-Saij5.2 . 

S*^ 

s-e.s-.s*^ S 3 o 

ts.<SPP 22 iH 


N « * VI 


iH M tn H* VN 



c, V, HUDGINS AND F. C, NUMDERS 


309 


of the articulutory errors from the pupils of both schools presented 
sepJiratcly, Columns 1 give the total number of errors in each 
eriQv category j Columns 2 give these same errors in terms of per 
cent of total errors in all categories. The data in Columns 1 and 2, 
however, are obviously not sufficient as an analysis since the total 
number 'of chances for error in the several categories is unequaL 
Columns 3 and 4 arc presented, therefore, for further clarification. 
The total number of consonants and vowels in the entire group of 
test sentences, which can be considered as possible errors in each 
category, is presented in Columns 3. These totals, therefore, repre- 
sent the number of chances for error, or the total number of poten- 
tial errors, in the test material.^ Columns 4 present for each school 



FIGURE 1 

CONSOKANT AND VoWEL EaRORS AT EACH CATEGORY EXPRE&SED IN 

Terms or Per Cents of Total Errors Made 
Data for the two school groups are shown separately, The height of the 
columns indicJite the frequency of errors in each category in terms of per 
cent of the total number of errors made. 

Cat CO ones: 

1. Surd -son ant 1. Siibatitution 

2. Substitution 2. Diphthongs 

3. Nasality 3. Diplithonguation 

Compound consonants 4, Neutralization 

5. Abutting consonants 5. Nasality 

6. Arresting consonants 

7. Releasing consonants 


^hese data were obtained by counting the number of consonants and 
vowels falling into each category in 100 unselected sentences from the test 
material. 
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the crLQis made in each category in terms of per cent of errors 
possible, 

Tlic data in Table 1 can be inescnted to better advantage in 
graphic form. Figure 1 is a graphic presci\tatioii of the data of 
Columns 2 wbicli represent the per cent of total consonant aiid vowel 
errors in each category. Consonant error Categories I (surd- 
sonant errors), 7 (releasing consonant errors) and 4 (compound 
consonant errors) show the greatest per cent of errors in both school 
groups. The major difference between the two schools appears ir 
Category 1 in which Mt. Airy pupils almost double the errors of 
the Clarke pupils. Little or no significant differences between the 
two school groups appear in the other categories. 

The vowel errors arc similar for the two schools. Tliere is a 
preponderance of errors in vowel Category 1 (substitution). The 
other categories, with the exception of 4 (neutralization of vowels) 
are relatively small and sliow very little differences. 



FIGURE 2 

Consonant and Vowel Errors in Each Cathgory Expressed in 
Terms of Per Cent of Possible Errors 
Data for two scliool groups are presented separately. The height of the 
columns represents the frequency of errors in terms of per cent of the total 
possible errors in encli entegory. 

Cateffoncs: 

X. Surd-sonant 1, SiihstiUition 

2. Substitution 2, Diplitliongs 

3. Nasality 3 , Diphthongizailoii 

4. Compound consonants 4. Ncutrnlizalioy 

5. Abutting consonants S. Nasality 

6. Arresting consonants 

7. Releasing consonants 
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In contrast to Figure 1, which presents the errors in terms of per 
cent of total errors, Figure 2 shows these same errors in terms of 
per cent of possible errors (Table 1, CoL 4). Two mujor differences 
appear when the data is thus presented as compared with Figure 1 : 
In the first place, looking at the error dfstnbutfon for consonants, 
Category 4 (errors involving compound consonants) is the most 
prominent. This means that errors of this type occur far more 
frequently, in proportion to the chances for such errors, than those 
of any other category. It means that 38 and 26 per cent (30 per 
cent for both schools combined) of all compound consonants were 
malar ticu la ted by the subjects. In the second place, the height of 
the column representing Category 1 is greatly reduced in Figure 2. 
Figure 1 shows that approximately 30 per cent of all errors were of 
the sonant-surd type, but when these data arc expressed in terms 
of per cent of chances for error they are reduced to 6.2 and 11 per 
cent respectively for the two schools. The problem which is sug- 
gested here, that of the relative importance of different types of 
errors for speech intelligibility, will be discussed later. 

Tlic distribution of errors according to per cent of possible errors 
(Figure 2) also changes the relative height of the columns repre- 
senting the vowel errors. Category 2 (errors involving diphthongs) 
now becomes the largest with Category 1 (substitution) second. 
The remaining categories arc relatively small in magnitude. 

It is significant to note that in both consonants and vowels, the 
type of error which is relatively most frequent in terms of possible 
errors (4 and 2) is the type which involves a fusion of two or moi'e 
component movements, The important factor in the articulation of 
compound consonants and compound (diphthong) vowels is the 
fusion of two or more articulatory movements into a single move- 
ment. Components of both members of the compounds are normally 
present but the rapid articulatory strokes fuse so that the acoustic- 
phonetic effect is a fusion which blends completely the two or more 
elements. A slowing up of the component movements tends to 
separate them, When components of a compound consonant or a 
diphthong are separated a superfluous vowel is added to the word. 
Thus the number of syllables in the word is increased, and both the 
acoustic and the rhythmic patterns of the word are distorted. 

It is of interest to note the types of consonants and vowels which 
make up these individual error categories. Table 2 shows a list of 
consonants and vowels most frequently malar ticulated in each cate- 



TABLE 2 

Lists of 10 CairsQNAKTs akd Vowels^ Most Feeoxjestly Mala3ltici3la.te& Each Error Categort Eanreo ik Order of 

Higher Frequency 

Categaries 12 3 4- S fi 7 

•Cl. •MtA. Cl- MtA. Cl. Mt^. Cl. MtA. Cl. MtA. Cl. MtA. Cl. Ml-V. 
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gory presented in rank order. The data are separated for the 
two school groups. There is a surprising agreement between the 
two schools in the consonant freqiiencj'' lists; vowels show less 
agreement, 

B, Analysts of Individual Consonant Error Categories 

A discussion of the individual error categories, along with illus' 
trations of the effects of these errors upon auditors taken from 
audition-records, should be of interest. 

1. Errors Involving Surd^Soiiaiit Consonanis 

There are decided acoustic and articulatory differences between 
the surd and the sonant. During the occlusion of a sonant consonant 
there is an audible laryngeal tone which distinguishes it from both 
the complete silence of surd stops and from the high frequency 
hissing of the surd continuants. In the articulation of sonants air 
must be moved upward through the glottis during the consonant 
occlusion even when the mouth is completely closed as in the stops 
hj di and g. Normal speakers learn to do tin’s by momentarilj^ de- 
pressing the larynx, thereby enlarging the supra-glottal cavity and 
reducing the buccal pressure. An experimental analysis of t)ie surd- 
sonant mechanism has been presented by Hudgins and Stetson, 1935 
(11), Deaf children find it difficult to control the thoracic and 
buccal pressures in the manner required for the proper articulation 
of sonant stops. They can be taught the surd-sonant distinction by 
siiecial methods (10). The failure to distinguish between these two 
types of consonants constitutes one of the largest categories of error 
in the speech of the pupils studied in this survey. The sonant stops 
hj At and g arc among the four most frequently malarticulated (Table 
2, Category 1). 

A few illustrations will show the effects of such errors upon speech 
intelligibility. Since there was no continuity of meaning between 
the test sentences the auditors were compelled to get their meaning 
from the key words in any single sentence. When key words were 
defective the meaning of the scnt^^nce was lost to the auditors. 
When the speech error formed an entirely difiPerent but familiar 
word the auditors became confused because often it did not fit into 
the meaning to be conveyed by the sentence. Thus ^'black dog” was 
spoken by a pupil as pak iok; it was understood as ” doctor” by 
five auditors who tried to fit the word into a context: "Bob had a 
little The phrase "boys bought" was spoken as po^s 
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poiighi and understood by some auditors as "Pass port,” by others 
as "police pulled." The word "food" was spoken as /oo/ and inter^ 
preted as "foot" or "suit" by several auditors. Often the word or 
phrase contained several types of errors, for instance: tlic phrase 
"for his dog" spoken /or ees tok contains three errors, namely 
dropping of the aspirate /ij substitution of the vowel ee for -f-, 
and dropping out the voice in both consonants in dog making it fok. 
The phrase was interpreted as "for Easter" by several auditors, 
which was a reasonable guess, but did not fit into the context and 
the entire meaning of the sentence was lost. 

The consonants that gave the greatest trouble in this category 
-were the stops hj d, and and tine alfricative The continuitives 
% and V and ih (thy) were less ficcpicntly inalarticulatcd because in 
these sounds there is only a partial stoppage in the oral canal and 
the air is allowed to escape during the occlusion. Table 2 gives 
a list of the 10 sounds most frequently missed in this catcgor3^ 

In absolute frequency of errors (Table 1, Cols, 1 ) this category 
rank first and second at Mt. Airy and Clarke respectively. In 
terms of percent of possible errors (Table 1, Cols, 4) it ranks 
fourth at Clarke and second at Mt. Airy. Hie correlation between 
frequency of surd-sonant errors and speech intelligibility (Table 3) 
is — .49 and — ,53 for the two schools, 

2- Suhsiitniion of One Gomonanl for Another 

The problem in consonant substitution appears to be one iJi which 
the deaf child substitutes a similar though perhaps easier sound for 
^mothev. The question as to the relative difficulty of consonants will 
be discussed in a later section. The deaf child learns liis consonants 
and vowels visually and tactually. Sounds which look alike are often 
substituted one for the other. In this study the sounds r and s 
rank highest in frequency of being replaced by other sounds. The 
sounds which were substituted for them most often were w/ for r 
and sJi and i for s. There seems to be a fairly free interplay of 
substitution between s and sh, • The Clarke pupils placed s and sh 
in second and third place respectively in frequency of substitu- 
tions, while Mt, Airy pupils placed them first and fouiLli respec- 
tively (Table 2). 

Substitutions often lead to complete confusion of meaning. When 
lu replaces r in words like "red,” “ride," "row," words are formed 
which are totally dissimilar in meaning. The sentence "We rode 
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on a sleigh was spoken as u>e wote on a sleigh and nnderstoocl as 

*Ve went 'W wore In the worJ ''mother'' 

sh replaced th and the word was heard as "muscle.*’ The consonant 
I was replaced by / and "Polly” was heard as "putty." The frica- 
tives y and sh may be replaced by sounds resembling a surd y as in 
the word "Sally" becoming yalleyj or "ship" becoming yipj or 
"south" becoming youth; in such cases the consonant closures are not 
sufficiently constricted and the fricative sounds are not possible. In 
other cases the consonant occlusion becomes a complete closure, and 
s or sh are replaced by t or ch. Table 2 gives a list of the 10 sounds 
for which other sounds were most frequently substituted by both 
Clarke and Mt. Airy pupils. 

Substitution as an error category ranks sixth in terms of fre- 
quency of errors in both schools. In terms of per cent of possible 
errors it ranks seventh. The correlation between frequency of 
substitution and speech intelligibility (Tabic 3) is — ,28 (Clarke) 
and — .17 (Mt Airy). 

3. Nasality 

All}" consonant may become nasalized by the failure of the speaker 
to close the nasal pharynx by raising the velum. In die articulation 
of most of the consonants the quality and function of the sound 
depend upon a high buccal pressure, which is quite impossible if 
the air is allowed to escape through the nose. Only the consonants 
ruj Uj and ng in English are normally spoken with any degree of 
nasality, Deaf children often fail to close off tlie nasal pharynx in 
articulating consonants with the result that nasality predominates in 
both consonants and vowels. Lack of velum control Is evidenced in 
both directions, namel5q non-nasal consonants arc often nasalized and 
nasal consonants often become complete stops. An example of both 
types of error is found in the phrase ''at the corner" spoken izn the 
carter and understood by several auditors as "on the porter." An 
example of failure to open the nasal pharynx for the proper articula- 
tion of the nasal sounds occurred in the word "siiiTimcr" spoken as 
sninber and understood ns "someboys," Teachers of the deaf, some 
of whom served as auditors in this study, become accustomed to 
excessive nasality in their pupils' speech and are able to understand 
it in spite of the defect. Fqv this reason the frequency of this type 
of error is lower than one would expect if all excessively nasal sounds 
were tabulated. 
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TABLE 3 

Corhelation ConFFiciENra: Speech Intulliciihlity Versus Frequency of 

C0NS0NA>JT AND VoWEL ERRORS IN INDIVIDUAL C ATKCURIES'^ 


Clarke Mt. Airy 


1. 

Consonant 

Surd-sonant vs. Iiitclligibilily 

Caicgorlrs 

—.49 


.05 

—.53 

PE 

.05 

2. 

Substitution va, Intelligibility 

— .2B 

PE 

.07 

—.17 

PE 

.06 

3. 

Nasality va. Intclligibilitv 

—.34 

PE 

.06 

—.19 

PE 

.06 

4. 

Compound Consonants vs. 
Intelligibility 

—.47 

PE 

,05 

—.41 

PE 

.06 

5. 

Abutting Consonants vs. 
InteIJigibility 

— 40 

PE 

.06 

—.21 

PE 

.06 

6. 

Arresting Conaonnnts vs. ^ 
Intelligibility 

—.20 

PE 

.07 

—.12 

PE 

,06 

7. 

Releasing Consonants vs. 
Intelligibility 

— 58 

PE 

.05 

—.54 

PE 

,05 


Total Consonant Errors vs. 
Intelligibility 

—.70 

PE 

,04 

—.71 

PE 

,03 


1, 

Vowel Categories 
Substitution vs. Intelligibility — .49 

PE .055 

—.51 

PE 

,05 

2. 

Diphthongs vs, IntclligiblUty 

—.27 

PE ,07 

— ,30 

PE 

M 

3. 

Diphthongi^ntion vs, Intelligibility 

—.20 

re .07 

— ,23 

PE 

.06 

4. 

Neutralization vs, Intelligibility 

—.36 

pe .06 

—.39 

PE 

.06 

S. 

Nasnlization vs. Intelligibility 

—.16 

pe .07 

—.20 

PE 

.06 


Total Vowel Errors vs, IntcIligibilUy 

—.61 

pn .05 

—.56 

PE 

.05 


♦For the lay reader the "coefficient of correlation” may be defined as a 
statistical device used to express the dc^free nnd the nature of the relation- 
ship existing between tvvo variables in quantitative tenns. This iclntionship 
may be direct, or positive (when an increase in one variable, for instance, 
the age of children, is accompanied by an increase in another variable, the 
height of the children) ; or the relationship may be inverse, or iiegntive 
(when' an increase in one variable, for instance, an increase in the number 
of articulatory errors is accompanied by a decrease in the speech intel- 
ligibility score). The value of the coefficient may range up and down on 
a scale which extends from — LOO through 0,00 to l.OO. A positive correla- 
tion indicates a posit'we relation, n zero correlation indicates an absence of 
r elution, and a ^■negative correlation indicates an hirers e relation. The 
relationship is said to be "high” or "low” depending on the mngm'tiide of 
the decimal fraction in the range between 0.00 and plus or minus 1,00. 
For correlation methods sec (7, pp. 327 ff.) 

Both continuants and stops arc niTSalized without very much cl is- 
crimination by deaf pupils. Table 2 shows that among Clarke pupils 
Uj HI, th (then), f, and p were the highest group in terms of fre- 
quency of errors, while, the Mt. Airy pupils had their greatest diffi- 
culty with followed by fh (thy), j/h sh^ and cL 
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4- Malavti dilation of Compound Consonants 

A. compound consonant is a group of two oi‘ more consonants 
fused to form a single consonant functioning within a single syllable 
eitlier as n releasing or arresting consonant. The primary factor 
in the articulation of such cojisonants is a complete fusion of the 
component movements which make up the compound. This fusion 
is achieved in normal speech by making the multiple consonant move- 
ments as nearly simultaneous as possible. When the same articula- 
tory member is employed in both components, as in jfeal, complete 
simultaneity is impossible, of course, and the closure for t follows a 
iTiomeiitary fricative phase for s. In the speech of deaf children two 
types of error occur relative to compound consonants: (a) the com- 
ponent movements are too slowly given and therefore fail to fuse; 
often the components occur as separate consonants with the indefinite 
vowel between them, thus increasing the number of syllables in the 
word, This type of error not only destroys the phonetic and 
acoustic form of the word in which it occurs but it also changes 
the rhythmic pattern of the phrase since adventitious syllables are 
added. An example of this type of error occurred in the sentence: 
'^Did you brush your teeth tliis morning?” spoken as did yon bar ash, 
etc. The sentence was understood as ^^Dtd you polish your teeth 
tins morning?’^ The word “box” (boks) was spoken as poliHs, and 
heard as “package” and “basket”; the auditors were completely con- 
fused by tl)c two syllables in the word, Another example is that 
of the plirasc; ^biids fly south” spoken as hirdes f y south and licard 
as “thirty-five south,” {h) A second type of error occurs when the 
pupils drop one or more components of the compound consonant, 
The word “fly” becoming fy in the Illustration above is a case in 
point. In the sentence “Can you see the slate from there?” the / 
in slate was dropped. As a result the auditors wrote “shay,” “show,” 
“shave,” and, less obvious, “chair.” 

■Either of the componeats of a compound may be dropped; there 
seems to be no real trends in the examples studied. Compounds 
with s and I seemed to be more commonly malaiticulated. Table 2 
shows that both school groups missed st more often than -any other 
combination. The data in Table 1 show that 30 per cent of all 
compounds attempted were mutilated by pupils in the two schools, 
The correlation between frequency of errors in this category and 
speech intelligibility is — .47 for Clarke pupils and — .41 for Mt. 
Airy (Table 3). 
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5. M^ilarticuffltion of A butting (linking) 

Abutting consonants are not to be coniiiscil with compounils. The 
latter belong to and function, in a single syllable^ while abutting 
consonants belong to and function in adjacent syllables. To illus- 
trate: tlie compound st in the sentence *^TIic star shines brightly'* 
belongs to the syllable star and functions as a releasing consonant. 
On the other band, the same pair of consonants which appear in 
the phrase '‘this tar — ** belongs to adjacent syllables; the -r arrests 
the syllable this and the t releases the syllable iat\ 

The pupils tested in this survey had considerable di/Hculty with 
abutting consonants. The most frequent form of their difficulty 
appeared as an inability to make the transition from one consonant 
to the other. Instead of the normal linkage abutting pairs were 
separated by an indefinite vowel, thus “football** became foo tu ballj 
"on the first** became o nit the first. Doth consonants of the abutting 
pair tlius become releasing consonants and an adventitious syllable 
is added to the phrase, This type of error has the effect of distort- 
ing the acoustic form of the word and at the same time changes the 
rhythmic structure of the phrase. Tcaclicrs of the deaf evidently 
become accustomed to this type of error, for frequently they were 
able to interpret the meaning in spite of it, Tliey were misled at 
times, however, especially it the combination seemed to form a 
familiar word or phrase. For instance, the phrase "it snows,** 
spoken as i in snows was interpreted as "Edison**; "popcorn" spoken 
as po pn corn was understood variously as "paper coins/* "paper 
cows/* "paper cloth**; "on Sunday,** spoken as o nu Sunday was 
interpreted as "on a sailboat,** "on a steam boat/* 

There were no special combinations forming abutting consonants 
that seemed to give more trouble than any others. In Table 2 the 
combination -n:ih- leads the list for both school groups; there are 
insignificant differences, however, between tins and other abutting 
pahs in the list. Correlations between frequency of err o vs in Cate- 
gory 5 and speech intelligibility was — .40 and — .21 for Clarke 
and Mt. Airy respectively (Table 3). In actual numbers this was 
the smallest categors^; in terms of per cent of possible errors it ranked 
sixth and fifth for the two sdiools respectively. 

6, Non-Function of the Arresting Consonant 
Any one of several things may happen to the arresting consonant 
in the speech of the deaf; it may be dropped completely, it may 
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become a releasing consonant in a following syllable, or it may 
lose all of its dynamic properties and become merely a passive oral 
gesU^ve dangling at the end of the syllable. In rare cases a glottal 
stop was substituted for the final consonant. Words which end in 
fricatives such as / or j depend for their intelligibility upon the 
presence of the high pressure stream of air t^diich accompanies the 
Occlusion of these sounds. When the occlusion is incomplete or the 
orifice is opened too widely the arresting function is lost and 
die acoustic value of the consonant is either reduced or lost. To 
illustrate with actual examples taken from the records: In the 
phrase “ran a race” the s in race was non-functional, and the phrase 
became ra?i a ra\ Six auditors heard this as "ran away." The word 
“Otis^^ spoken as Oil* was heard as “oh dear." The phrase "big 
dog " spoken as hiiW was understood by six auditors as either “book 
store" or “picture." “A pail,” spoken as a i>al* was heard as "all 
day/' and “awjiy.” 

From the point of view of the actual number of errors Category 
6 ranked fourth for both school groups. In terms of per cent of 
possible errors it ranked second and third for Clarke and Mt, Airy 
respective! 5^ It has tlic lowest ranking, howevei*, wlien correlated 
with intelligibility (Table 3). This indicates that dropping the 
arresting consonant interferes less with speech intelliglbilit}^ than 
any other defect studied in this survey. The consonants I and t lead 
the list in frequency of errors in this category (Tabic 2). 

7. Non-Fufictioii of Releasijiff Consouaiiis 

The action of the releasing consonant in releasing the syllable 
consists of a moment ary closure, either partial or complete, of the 
vocal canal, followed a sudden opening. During the occlusion 
the air pressure builds up in the thoracic and buccal cavities and the 
sudden opening releases the syllabic; thus the consonant movement 
is heard largely by its effect upon the vowel. A complete co- 
ordination between breathing muscles which move the air column 
and the consonant movejneiU which closes the oral cavity is of vital 
importance in this process. This coordination is often lacking in the 
speech of deaf children. The articulatory movements may be too 
slow or fail to develop the necessary pressures, indicating that the 
articulatory movements and the movements of the breathing muscles 
are inaccurately timed. Again the movements may be incomplete 
leaving the orifice too large in case of the continuants and preventing 
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the development of the proper decree of pressure. In either case the 
effect upon the auditor is that of Iiaviiip the sjdlabic begin with a 
voweh 

Table 2 shows the 10 consonants most frequently dropped as re- 
leasing consonants (Category 7). The aspirate heads the list for 
both schools; [, rj and y follow iu the same order. The aspirate h 
perhaps should be put into a separate category since it is not, strictly 
speaking, a consonant. It was included, however, for simplification. 
The aspirate involves a sudden aspiration of air through the partially 
open glottis immediately preceding the vowel, The mechanism for 
its production involves a separation followed by an approximation 
of the vocal cords during a single syllabic. No other organ of 
articulation is involved and the conformation of tlie oral cavity takes 
on the form necessary for the production of tlie following vowel. 
Instead of obstructing, or partially obstructing the vocal canal, there- 
fore, the aspirate opens the glottis allowing for a freer flow of air. 
The deaf pupils tested in this survey liad difficulty in making tlie 
glottal adjustment necessary for the aspirate, 

The other consonants most frequently dropped in this category, 
L V, y, ill, J, are for the naost part continuants which involve articula- 
tory movements of delicate adjustment to and from an opposing 
surface, but which result in incomplete closure of the oral canal 
leaving an orifice through which air under pressure escapes produc- 
ing high frequency fricative sounds. The accuracy of the movement, 
and the degree of adjustment of the orifices determine the identity 
of the consonants. The complete stops arc less frequently dropped 
from the releasing position, 

A few illustrations will indicate the variety of defects and the 
resulting confusion of the auditors* Example of dropping the aspirate 

k occurred in the phrase ^^did you hear the spoken as did 

you ^ear the , and understood as ^^did you ever 

‘"Mary has,’* spoken as Mary 'as and understood as “Mary is”; 
“for his dog” spoken as for ees tokj understood as "for Easter.” The 
phrase "go for a ride’' was spoken with several errors, among 
them dropping the and spoken as o-e for a toile; this was under- 
stood by several auditors as "Oh, for a while”; "your name” was 
spoken as 'onr name and understood as "our name,” When tlie 
closure for sh was incomplete the resulting sound was often mis taken 
for tile aspirate; "She went for a ride” with the sh dropped was 
lieard as he tireui fo?' a ride. 
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Category 7 shows the highest correlation with speech Intelligibility 
(Tabic 3)- It ranks highest in actual number of errors for Clarke 
pupils, and second largest with those of Mt. Airy. It ranks third 
and fourth highest in terms of per cent of possible errors for Clarke 
and Mt, Airy respectively, 

C, Analysis of Individual Vowisl Error Categouifs 

The experimenters were less critical in determining the degree of 
^ vowel accuracy than that of consonants. The justification for this 
' lies in the nature of the vowel itself and in degree of tolerance of 
the normal ear for a wide degree of vowel distortion. Classifications 
of vowels into rigid categories in which each vowel is assigned a 
definite oral conformation and definite bands of frequencies repre- 
senting a distinctive quality can be done only by having subjects 
intone the vowels singly and without context. Vowels in normal 
speech become mere approximations of these rigid forms. Speech 
is intelligible and may be even considered normal in which the 
vowels only remotely approach the degree of accuracy set up hy the 
phoneticians and phonologists. The acoustic structure or quality 
of vowels varies widely within a group of individuals. Furthermore, 
the immediate phonetic context, the degree of stress and rate of 
syllable utterance all are factors modifying the vowel. 

Vowels in the speech of the deaf rarely reach the degree of 
accuracy attained by those in the speech of normal hearing persons. 
Vowel errors were listed only when the assigned vowel was totally 
unrecognizable. The various types of vowel errors which occurred 
in the speech of the pupils studied in this siirvey are discussed be- 
low. Approximately 11 per cent of all vowels spoken by pupils of 
the two scliools were listed as errors. 

1. Vowel Substitution 

Deaf children not only substitute vowels whose formations are 
similar, for instance, — i— (bit) for ee (beet) but they also substitute 
one vowel for another in which the formations are dissimilar. The 
reason for this lies perhaps in the fact that they have only the rather 
vague movement patterns as cues. Illustrations from the lecords 
will indicate the effects of vowel substitution upon speech intelligi- 
bility, In the sentence "The cow was in the barn/' the vowel in 
"barn" was changed so the word became ban, this was understood 
as "bank" by several auditors; the vowel in "made” was changed 
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to ce, one auditor liearcl “need/' another “meat." The vowel as 
well ns the consouant in “huy" was chanRcd and the word became 
pay, this was heard as ‘*patc/* “paints," “please/* **briiipj/* and “he " 
The phrase “my team" was spoken as 7nn iani and was understood 
by four auditors as *hn:ulam.“ vowel substitutions occurred 

which made the word totally unfamiliar to the auditors and no 
interpretations were G;ivcji. 

Vowel substitution was the largest category ot errors for both 
schools. According to Table 1 it makes up 55 per cent of all vowel 
errors for Clarke and 66 per cent of all vowel errors for Mt. Airy. 
Other vowels were substituted for more than 6 per cent of all vowels 
attempted by pupils of both schools. Table 2, Category 1, slio^vs 
that Clarke pupils had trouble with diphthongs a-c (day) and t-e 
(pie) for tliese head the list of five most frequently substituted 
vowels. Mt. Airy on the other hand, had more trouble witli the 
short vowels -i- (bit) and -e— (bet). The cnirelation between 
frequency of vowel substitution and speech intclligibillLy was — .49 
and — ,51 for Clarke and Mt. Airy respectively (Table 3). 

2. Errors hivolvlug Diphthongs 

A diphthong) properly articulated, is a fusion of two movements; 
it is similar in this respect to compound consonants, It is interesting 
to note in this connection that the same types of errors occurred, 
namely, the two components were separated or prolonged until two 
distinct vowels were heard, as baiv-ec for bo^j or one component 
usually the final one, was dropped, as mah for my. 

There are numerous examples of auditor errors directly traceable 
to the error of making two syllables out of diplithongs. For instance, 

in the phrase “I have spoken as ah-ee have the auditoi 

heard “Annee has/' two others wrote nothing. Again, the phrase 
“our cook” spoken as o-wr cook was understood as “how do“ “hello,” 
and “Helen's cook.” In each of these eases the auditors heard the 
two syllables and tried to approximate the sounds with familiar 
words. Examples of dropping the final member of the diplithong 
occurred in the sentence “Have you saved some money?” spoken as 

inone^j the verb was unrecognized by two auditors, 

heard as “seen” by two others, and as “each” by one. The diphthong 
i-c (die) was frequently repeated as ah, and understood at limes 
by auditors but usually a word more nearly like the one actually 
spoken was substituted. 
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The ciipIithonK "'as most frcqiiciitly mispronounced by the 
pupils of hotl' schools. Only nine per cent of all vowel errors were 
of this type; likewise nine per cent of all diphthongs were mal- 
articulated by inipils of the two schools. Correlation between dlpli- 
thoiijl errors and inielligihility (Table 3) is —.30, and — .27 for 
Jit. Airy and Clarke respectively. 

3. Diphlhoiiffieatioit of Pure Vowels 


One of the chief characteristics of the speech of the profoundly 
deaf children i.s a lack of coordination between the articulatory 
organs and the I)rcath pulses. Instead of tlic accurate timing of 
consonant or vowel movements and syllable pulses which normally 
occurs in the speech of normal speakers, deaf children appear to 
make slow transitory movement.s during the articulation of the 
vowel. The continuation of the stream of voice during tliese transi- 
tory movements renders rl>c vowel as a diplnliong. At times the 
transition between ^'or\'el and arresting consonant or between re- 
leasing consonant and ilie vowel arc much too slow, thus the vocal 
stream undergoes inodi/ications which arc totally unlike those occur- 
ring in the normal stream of spcccli. To illustrate, instead ’ of 
"liow do you do" the deaf cliild may say hoiu-ee tlo-ee yon-ee do-ee. 
In this particular example the. transition from the vowel oo to the 
following con-sonani.s <1. y. and /f arc .so slowly executed tlint the 
transitory nuweim-iits are heard and appear as a prominent part of 
the vowels. The failure to arrest tile stream of voice during the 
transition or to speed up the traii.silory movements makes the move- 
ment audihle. In the seiiieiice "Who gave you the ring?" the 
word who was spoken as udwo-fe and understood by one auditor as 
''Lewis" whicli was a good gue.ss. "Wlierc arc my shoes?" became 
Where are my sh'm-h.' Tlie last word was heard as ‘'Joho-” 
"Bread" was spoken as hre-ud, and understood as “wc had," "will 


you." "do you." , , , 

This was one of (Iw lew Important of the vowel categories. 

DiplithongiV.ation of ihr vowels u'a (book) and o’o (boots) occurred 
most freciuemlv in ibis vategoiy. Correlations between number of 
errors and inielligihiliiv wnc small, pndiablv negligible. Nine per 
cent of all vowel eiroi-. wete lliis lype. and 1.3 per cent of the 
total errui> posMblf wen- imolr In t'larkc juipils. Airy pupils 

made fewer enois in ibis eategorv. 
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4. Neiiiralizafiofi of Vowels 

Nc^itralization of vowels is a form of vowel substitution ; it is 
listed as a separate cntcKory because it represents a very dcfuiitc type 
of error rather tlmti promiscuous substitution. 

A vowel is neutralized when a iiiinimuni inodificatlon occurs in the 
vocal canal during its production. The qiwlily and often the dura- 
tion of such vowels arc similar to those of short unaccented vowels. 
There is a tendency, even in cultivated speech, for vowels in un- 
accented syllables to become neutral vowels. In slovenly speech 
this process may reach a point where entire syllables arc dropped. 
Such speech, however, may still be intelligible to those familiar with 
it, When syllables usually accented lose their accent and vowels 
become neutralized the speech becomes more or less unintelligible. 
Vowels in the speech of deaf children, both in accented and un- 
accented syllables, are often neutralized. In the sentence ^'Will you 
be home tonight?'* the subject neutralized the vowel in 'Svill** and 
said wul. Two auditors in six understood the sentence; tlie remain- 
ing four wrote be home tonight/* The same pupil in repeating 

the wore! '‘train" said irun. Not one of the six auditors under- 
stood this word ; there were, however, other errors in the sentence, 

In the phrase "She gave me ” the vowel in "me" was spoken 

as mtih; two auditors understood the word possibly with tlie aid of 
its context; six others either left blanks for die word or wrote 

"one*' instead of "me/' In the sentence "A baby bird " the 

pupil said biidj but since this did not fit in with the context most of 

the seven auditors wrote "A baby ,** two wrote the word "good** 

for "bird/* 

Neutralization represents the second largest category of vowel 
errors. Nineteen per cent of all vowel errors were of this type for 
Clarice pupils and nine per cent for Mt. Airy. The correlations be- 
tween frequency of neutralization of vowels and speech intelligi- 
bility (Table 3) are significant; Clarke — .36 and Mt. Airy — ,39. 

5. Nasalization of Votaels 

. One of the characteristics of English vowels is the predominance 
of oral resonance ; there are no nasal vowels in the language. Exces- 
sive nasality, therefore, may be considered as a defect.^ The speech 

®The term nasality as used in this paper means the effects produced by 
failure q£ tbe velum to close tUe nasal pharynx. 
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of mai^y of the deaf pupils studied was effected hy nasality in varying 
degrees. WJien this reached wliat the cxpcuVncjiters considered 
an excessive degree the sounds were listed in the nasality category. 
Vowels occui'ing in syllables with nasalized consonants were more 
couimoiily nasalized. Those pupils, tlieiefore, who were inclined to 
nasalize consonants also were the chief offenders in nasalizing 
vowels. It is difficult to dctenninc whether the audition-ervors 
caused by nas'.vlity aic to be attributed to the defective vowel or 
consonant since botli result from the lack of control or Jnal function- 
ing of the velum. 

Table 2 shows that there is little agreement between the pupils 
of the two schools as to vowels most frequently nasalized, Indeed, 
the consonants associated with the vowel probably determine wl^etlier 
ar not it will be nasalized rather than the characteristics of the 
vowel itself. 

The CDTj-elations between nasality oi vowels nnd speech intelligi- 
bility were too low tn be significant (Tabic 3), This docs not meaii 
that this type of defect is unimportant or that it may be ignored in 
speech correction. It is so intimately related with nasality of con- 
sonants, however, that it is difficult to evaluate it separately. Cor- 
rection oi nasality of consonants !i 3 ^ deveJoping the proper control 
of the velum will affect the vowels as well. The problem of nasality, 
tJ)ereforc, unlike the other types of errors studied in this paper, is 
cojnjwon to borb consonants nnd vowels. 

Consonant errors are more frequent and are apparently more im- 
portant for speech intelligibility than vowel errors. Table 3 shows 
coefficients of correlation between speech Intelligibility: and (n) indi- 
vidual error categories; (If) total consonant errors; and (c) total 
vowel errors. The data from the two schools are in close agree- 
ment The differences between consonants and vowels arc signifi- 
cant. These data will be analyzed further by methods of partial 
coi’ relation and discussed in Section G/ pp. 354-356. 

D, Relative Importance of Individual Error Categories 
FOR Speech Intelligibility 

Pupils of two schools for the deaf, using similar test material, 
have been found to make s/miJar art/ciilatory erroi's. Clarke pupilis 
mispronounced 22 per cent of all consonants and 12 per cent of all 
vowels attempted, while Mt. Airy pupils mispronounced 20 per 
cent of all cansonants and 11 per cent of vowels. Speech intclligi- 
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bility scores were determined for each pupil based upon these 
speech tests. Total consonant errors have been classified into seven 
error categories and vowel errors into five catcRorics, A practical 
question arises as a result of the classiricntion, namely: Is the in- 
telligibility of tile speech of these pupils affected to a greater degree 
by one type of crtoi* titan by another? A positive answer to this 
question would indicate that teachers would be justified in spending 
relatively more time and effort correcting and training children 
to avoid those errors which interfere to a greater degree with spcccli 
intelligibility. 

There are tw^o criteria available for determining the relative 
importance of the several error categories: {a) The degree of cor- 
relation between the number of errors made by individual pupils 
in each category and the speech intelligibility score; and (i) the 
ranking of the iiKlividiial categories on the basis of per cent of pos- 
sible errors^ 

1. Gorrelaiions 

A correlation coefficient of significant magnitude between the num- 
ber of errors made by each pupil and speech intelligibility means 
that intelligibility is related to and significantly varies with frequency 
of errors. A negative correlation between these two variables means 
that as the frequency of errors increase tlic intelligibility scores 
decrease. It is possible* therefore, to use the coefficient and its 
probable error as a criterion of the relative importance of each type 
of error. A list of coefficients of correlation with their probable 
errors is presented in Table 3. There is a striking similarity be- 
tween the two schools in degree of correlation. The rank order 
of the several error categories, as clcternfiined by the coefficients of cor- 
relation is identical. The three highest ranking consonant categories 
arc: 7 (dropping releasing consonants), 1( surd-sonant criors), and 
4 (errors of compound consonants). The coefficients of correla- 
tion for these three categories fall between — .47 and — .58 for 
Clarke pupils, and between — .41 and — .53 for Mt. Aiiy. The dif- 
ferences between them are not statistically significant. The other four 
categories arc ranked as follows: Category 5 takes the fourth rank, 3 
the fifth, 2 the sixth, and 6 the seventh. The coefficients arc smaller 
for these four categories; those for Clarke pupils are significant 
with the exception of Category 6. The correlations for Mt. Airy 
pupils are rather low for the four categories and arc probably 
insignificant. 
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The following conclusions may be drawn on the basb of tliis 
criterion: (rt) Consonant errors which have been classified under 
Categories 7, 1, and 4 have an equal effect upon the intelligibility of 
the speech of the pupils studied; {b) the magnitude of the coeffi- 
cients of correlation indicate that these three types of errors ate of 
considerable significance in rendering speech unintelligible; (c) the 
remaining four categories are of lesser importance but they also 
contribute to the unintelligibility of the speech of deaf children. 

Table 3 also shows the coefficients of correlation between the 
vowel enor categories and speech intelligibility. Again the rank 
order is identical for the two school groups. Category 1 (substitu- 
tion) appears as the most important with Categories 4, 2, 3, and 5 
following in that order, 

2. Per Gent of Possible Errors 

As a second criterion of the relative importance of the several 
categories the frequency of each category expressed in terms of per 
ce?it of possible errors may be used. There is some justification for 
the use of this percentage rather than the absolute number of 
errors as a criterion of relative importance. The number of errors 
that any subject may make is limited by the number of consonants 
or vowels in the speech material which may fall into each of the 
several categories. Since this number of potential errors varies with 
each error category a percejUage representing the ratio of actual 
and potential errors becomes the most adequate expression of this 
relationship. For instance, Table 1, Column 1, shows that (Clarke) 
Categories 1 and 4 arc almost equal in absolute number of errors. 
The number of errors possible in these two categories, however, as 
shown in Column 3 (Table 1), is 6,352 and 920 respectively. It 
appears, therefore, that the 399 errors in Category 1, and the 
355 in Category 4 are not directly comparable, since the chances for 
error are 7 to 1 in favor of Category 1. 

On this basis of comparison Category 4 (compound consonants) 
is by far the outstanding one in the data from both school groups 
(Figure 2). The four highest ranking categories are 4, 6, 7 and 1, 
Clarke, and, with a slight shift in rank order, 4, 1, 6 and 7, Mt. 
Airy. The remaining categories follow in an identical order for 
the two schools: Category 5 takes the fifth rank, 3 the sixth, and 2 
the seventh. There is a striking agreement in the two sets of 
criteria both between tile two school groups using either criterion 
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alone, and between the two critorin themselves wall the single 
exception of Category 6 which ranks seventh in Criterion I ^\n\| 
second in Criterion 2. No apparent explanation is available for this 
discrepancy. 

With reference to vowel errors the second criterion of relative 
impoitnnce places Category 2 (diphtliong errors) in first rank, with 
Category 1 (substitution) sccoiuK The percentages for ilic remain- 
ing three categories arc relatively small. 

Both criteria of relative importance of the several types of 
consonant errors identify compound consonant errors, surd-sonant 
errors, and errors involving releasing consonants as being of high 
importance relative to speech intelligibility. The agreement of inde- 
pendent criteria in ranking the remaining four types, or categories 
of consonant errors is close with tlic exception of Category 6 (drop- 
ping the arresting consonant). The rankings of the five types of 
vowel errors show less agreement than tliat of the ennsonants. 

E. Analysis of Articulatory Errors According to Dj-grue of 

Hearing Loss 

The data presented in this study confirm the already well-known 
observation that the presence of even a small amount of residual 
hearing may exert an important effect upon the speech development 
of deaf cliildrcn. The more recently extended use of electrical 
hearing aids in the education of deaf children has fiiiTlicr increased 
the benefits derived from residual heaving. Some of the pv\plls in 
both schools included in the present study have had tlic advantage of 
hearing aids in their speech development and in gejiernl education. 
Mt. Airy, however, at the time of this study, had a larger number 
of pupils who were spending the entire school day in classrooms 
equipped with hearing aids, The advantages derived from these 
hearing aids are reflected in the data to be presented in this section. 

Audiograms were available for all the pupils studied. It was 
possible, therefore, to analyze the number of speecli errors in terms 
of the degree of hearing loss. The method of classifying deaf 
children according to degree of hearing loss presented by Guilder 
and Hopkins (6) was used. This method while arbitrary is based 
upon quantitative scores derived from audiomctric tests covering a 
range of eight octaves, Three classifications arc used ; Gioii]^ J 
Is made \\p of hard-of-hearing ehiUlrcn who acquire speech largely 
through hearing but are not able to keep up with public scJiool 
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children because of hearing defects. Group 7? is made up of partially 
(leaf children who are not able to acquire speech in the normal 
manner hut whose speech can be benchted by electrical hearing aids. 
Group C is composed of profoundly deaf children who have little 
or no usable residual hearing. A more rigid cl<issf/i cation would 
take into account the contour of the audio me trie curve over the 
eight octaves as well as the decibel level. This would take into 
account high frequency, low frequency, or median frequency deafness, 
No standardised classification method of this type is available, how- 
ever, at present. 

The 87 Clarke pupils were divided as follows: Group //, 11 
pupils; Group Bj 20 pupils; and Group Cj. 56 pupils. A similar 
classification of 105 Mt. Airy pupils shows Group /I, 10 pupils; 
Gioiq} B, 36 pupils; and Group C, 59 pupils. Groups J and C are 
similar in number for both school populations, while Group B in 
Mt. Airy is nearly double that of Clarke, 

The data derived from these groups were analyzed from three 
different aspects and presented in Tables 4 and 5; these show: (<?) 
The average number of consonant and vowel errors per pupil; (^) 
frequency of errors in terms of per cent of total errors made! and 
(r) frequency of errors in terms of per cent of possible errors. 

Figure 3 is a graphic representation of the totals given in Tables 
4 .and 5; it represents the average number of consonant and vowel 
errors per pupil for the three degrees of deafness. These averages 
increase significantly with increase of hearing loss. Columns repre- 
senting Groups C arc almost identical in height for the two school 
groups; those representing Groups A, and to an even greater extent, 
Groups B show a considerable larger number of consonant errors 
for the Clarke pupils, The larger number of Mt. Airy pupils in 
Group B might conceivahl^r account for the difference. A more 
plausible explanation is suggested, however, by the fact that Mt. 
Airy pupils in Groups /I and B, at the time of tliis study, liad had 
the advantages of hearing aids in all classroom work for periods 
of two to five 3 ’ears. 

The differences in number of articulatory errors are reflected in 
the intelligibility scores of Groups A and B, Mt. Airy. This is 
partly obscured b}^ the fact that the general intelligibility level is 
higlicr for Clarke pupils than that for Mt. Airy pupils (Table 4). 
The intelligibility scores of Mt. Airy pupils in Group.s A and B^ 
however, are almost identical with those of the corresponding Clarke 
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TABLE 5 

The Analysis of Vowel Errors According to Decree of Deafness 
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GUARKE ML AIRY 

FIOUKE 3 

Average Numder of Consonants and Vowel Errors Per Puiml 
Arranged AccoROiNc to 'Fiihee Degreus of II haring Loss 
^-^riard-of-licarliiR pupils wlio accpiiic spcq^ch by means of ilieir de- 
fective hearing mechanism, 

B — Partmlly deaf pwpila ^vbo have ft v^saUlc ttmmuU of residual beaviug, 
but do not acquire speech by car except by the use of lie a ring aids. 

C — Profoundly deaf pupils >viili little or no residual licnring, 

groups. The great dlflfcrcncc in intclligibilityt tliernfore, between 
Clarke and Mt. Airy pupils lies in the speech of the profoundly 
deaf, Groups Cj where the Ch'irkc and Mt* Airy iivcragcs Verc 21 
and 9 respectively. It might be suggested that the higher level of 
average intelligibility at Clarke is due to the fact that the Clarke 
pupils are required to use speech to a greater degree outside of class- 
room situations. Wliatevcr the cause of the higher level of intelli- 
gibility at Clarke, the use of hearing aids with something like 44 per 
cent of Mt, Airy pupils (Groups // and B) tends to compensate for 
other advantages held by the Clarke pupils. 

When the total number of articulatory errors for pupils in the 
three divisions of hearing loss is broken up into error categories and 
expressed in terms of per ceul of total errors (Columns 2^ Tables 
4 and 5) some interesting differences between the several categories 
appear. Eiguve 4 shows these differences graphically* CaLegorics 
Ij 3, and 7 (Consonants) show a distinct increase in frequency witli 
increased hearing loss. This means that ns the degree of deafness 
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FIGURE 4 

Consonant and Vqweu Errors in Terms of Per Cent of Total 
Errors, Akhancrd According to: (/?) Error Catecoribs; 

AND { h ) Decree of Hearing Loss 

Consonant Cate Rories Zt 4, and 6 decrease in hclglit with increase in 
hearing Joss; this is a reversal of the trend in Categories I, and 7 

(cf. Figure 3). 

Cntcffories: 

1. Surd-sonant Substitution 

2. Substi Lilt ion 2, Diphthongs 

3. Nasality 3, Diphthongization 

4. Compound consonants 4. NcuU alizafion 

5. Abutting consonants 5, Nasality 

6. Arresting consonants 

7. Releasing consonants 


increases a greater portion of total errors faH into these categories. 
Categories 2, 4, and 6, on the other hand, show a complete reversal 
of tin's trend. This means that although the frequency of total 
errors incienscs with an increase in hearing loss, a greater number 
of consonant errors made by hard-of-hearing and partially deaf pupils 
fall into Categories 2, 4, and 6. Category 5 shows no clear trend. 
These facts arc further confinned by coefficients of correlation be- 
tween number of errors in individual categories and auditory scores 
for individual pupils. Coefficients of correlations for six consonant 
error categories taken from data covering 192 pupils appear in 
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Cute gory 

Surd-sonnnt 

1 

(Errors per pupil vs. auditory score) 

—.43 

pn 

.04- 

Substitution 

2 

(Errors per pupil vs. auditory score) 

— ,18 

PE 

.05 

Nasality 

3 

(Eriota per pupil va. auditory score) 

— >17 

PE 

,05 

Compound 






consonant 

4 

(Errors per pupil vs. auditory score) 

—.18 

PE 

■OS 

Arresting 


- 




consonant 

6 

(Errors per pupil vs. auditory score) 

.00 

PE 


Releasing 






consonant 

7 

(Errors per pupil vs. auditory score) 

—.48 

PE 

.0+ 


Table B, The relatively high corrclfition with auditory scores in 
Categories 1 and 7 indicate the close relationship between these types 
of errors and degree of deafness, (The correlation for Category 3, 
which also follows this trend in Figure is unaccountably lower.) 
Categories 2, 4, and 6 which show a decrease in per cent of total 
errors with increased hearing loss (Figure 4) have very low correla- 
tions with hearing scores, indicating tJiat these error types are de- 
pendent to £L lesser degree upon hearing, 

These facts indicate that the sonant-surd distinction, releasing con- 
sonants (especially hj U y, and Table 2) nnd to a lesser degree the 
control of the velum (nasality) arc affected by residual hearing 
to a relatively greater degree than the other categories. On the 
other hand, it means that consonant substitution, compound con- 
sonants, and arresting consonants arc effected to a lesser degree by 
residual hearing. 

The above statements do not mean that partially deaf children 
actually make more articulatory errors in some of the categories 
than those who are profoundly deaf. There is always a greater 
absolute mlfnher of errors to be found in the speech of pupils in 
Group C (Figures 3 and 5). The differences evident in Figure 4, 
however, show that error Categories 2, 4, and 6 make up a relatively 
larger proportion of total errors in the speech of Groups A and B, 
The fact that these relationships are more clearly defined in the Mt. 
Airy data (Figure 4) where hearing aids arc more widely used is 
further evidence for the reality of the differences. 

A possible explanation of these differences is offered by: (rf) in- 
herent differences between the types of consonants appearing in the 
error categories in question, namely, acoustic and motor-phonetic 
differences; and {h) differences in the manner in vvJiidi speccJi is 
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CU«« KT mv 

FIGURE 5 

CoNSONAN'f AND VOH’EL EjtRORS IM TERMS OF PeR CENT OF POsSIDLE 

Errors Arranged Accohdikc to: (/?) Error Catpcoriesi 
AND Degree of Hearing Loss 

The more profoundly deaf pupils make ji greater number of errors in 

all categories. 

Cafegoncs: 

J. SiinJ-soRRNt 1. Sobstitiiflon 

2. Siibstiuition 2. Diphthongs 

3. Nnaality 3, Diphthongization 

4. Compound consonants 4. Neutralization 

5. Abutting consonants 5. Nasality 

6. Arresting consonants 

7. Ueleasing consonants 

learned by children Avith different degrees of hearing loss- Pupils 
in Group and to a lesser decree, those in Group B acquire speecli 
partly by means of their defective hearing mechanism. Articulatory 
errors are to be expected more frequently, therefore, in those speech 
sounds which are acoiistlcallj’^ similar, or in tliose which provide only 
slight auditory cues. The errors Involved in substituting r for sh or 
thj ih for f, lu for ?*, and even f for p or k clearly fit this description. 
Likewise, the s in the compound the I in pi- and the final con- 
sonants in words such as /nlj cookj and this provide very slight 
auditory cues especial /y for pupils with median hearing losses. 
Pupils ill Group G, on the otlier hand, never hear any speech 
sounds. They learn to build words and phrases by ^ ^stringing to- 
gctlier^^ a series of individual articulatory movements, Tiie relative 
acoustic value of different sounds is not, therefore, a problem- Their 
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problem is rather one iiivolvinp; tlic relative difficuU}^ or com- 
plexity of individual articulatory movements, and of coordinating 
cojKurrent articulatory and brcatliinfi; movements in relocating ^ 
series of syllables. The articulatory movements in produciiiR sonant 
stops (Category 1) arc iiiuloubtcdly more didicult than those in- 
volved in tlic surd stops (II) (Table 15). Likewise the action 
of the velum (Category 3) which must be coordinated with tongue, 
lips, and jaw movements in all consonant articidaljoii adds to the 
complexity of articulatory movements » Again, the delicacy of ad- 
justment required of articulatory organs and breathing mechanism 
in the production of syllables released by the aspirate h and by the 
consonants I, y, and r (Table 2, Category 7) is relatively more 
difficult than that of sounds involving greater buccal pressures 
and greater degree of occlusion (see Table 15 for order of difficulty 
of consonants). Hence, profoiindl}' deaf cliildrcn who learn speech 
solely as a series of consciously acquired motor responses make a 
relatively larger percentage of errors in those consonants which 
involve a greater complexity of motor coordination in their pro 
diiction, 

The percentages of total vowel errors for the three degrees of 
hearing loss (Figure 4) show no significant trends. Vowel sub- 
stitution makes up the larger proportion in all three groups. Mt. 
Airy pupils show a decrease in vowel substitution with increase in 
hearing loss. The actual number of vowel errors, however, made 
by Groups A in both schools arc too small for a reliable analysis. 
Categories 2 and 3 in the Clarke data show apparent decreases 
with increase of hearing loss, but here again the number of errors 
for Group A is too small. 

Figure 5 shows the articulatory errors plotted in terms of per cent 
of possible cTvois at each category for the three degrees of deafness. 
When plotted from this aspect the data in all categories show an 
increase in per cent of possible errors with increase in degree of 
hearing loss. In other words, as hearing loss increases a greater 
number of errors occur. Categories 1, 4, and 7 are outstanding in 
this respect. Categories 2, 3, 5, and 6 show minor differences be- 
tween Groups Aj Bj and C. 

Si{fniu(iry 

Articulatory errors and audiometric scores arc definitely cor- 
related; the relationship is an inverse one, A more detailed anal 3 'sis 
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in wliich errors arc divided into sepiirate categories, however, qualifies 
this lelation^liip. Tlicre aie clear indications that some types of 
articiihtory errors are more dosdy associated than others with the 
degree of liearing-loss. Consonant substitution and errors involving 
compound and arresting consonants appear in greater proportion 
among the liaid’-of-hcfiring and partinlly deaf pupils than among 
the pi'ofaunclly deaf. Failure to make the surd-sonant distinction, 
excessive nasality, and dropping the releasing consonant^ especially 
the aspirate h and consonants r and y, are more highly correlated 
with degree of hearing-Joss. Suggested explanation for these differ- 
ences takes into account: (a) the acoustic and motor^phonetic 
differences in the consonants involved in the different error cate- 
gories; and (if) differences in the manner in which speech is learned 
by pupils with different degrees of hearing loss. 

F. Analysis of Articulatory Errors According to Age 

An analysis of the speech data on the basis of age should show 
two things! (^) Whether or not there is an increase or a decrease 
ill articulatory errors and speech intelligibility with Increasing age 
(years in school) ; and {b) whether or not certain types of speech 
errors occur more frequently than others at any given age level. 

The data were analyzed separately for the two school groups. 
The ages of the pupils studied ranged from 8 to 20 years. They 
were divided into two-year age groups according to their ncaresT: 
birth dates. The following age-groups were used: 8-9, 10-11, 12-13, 
14-15, 16-17, and 18- years. The number of pupils in each age- 
group for the two schools taken separately ranged from 15 to 24 
with tile following exceptions: Clarice age-group 8-9, 1 pupil; 
10-11, 8 pupils; Mt. Airy age-group 8-9, 6 pupils. The reliability 
of the averages is doubtful in the 8-9-ycar groups for both schools 
and in the Clarke 10-11-year group. 

A summary of the articulatory errors according to ngc is pre- 
sented graphically in Figure 6. The columns represent the average 
number of consonant and vowel errors per pupil in all categories 
for each age-group. The average number of consonant errors appears 
to increase with age from the 10-11-year age-groups upwards in 
bo til school groiip.s. The peak is reached at the 14-15-ycar level 
for j\dt. Airy pupils, but for the Clarke pupils the increase con- 
tinues throiigliout tlie age range. Vowel errors show very little 
cliniigc with age. 
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FIGURE 6 

The Average Numher of Consonant and Vovvel Errors Per 
Pupil Arrancbd Accoroinc to Two-Year Ace Groups 
CcinsoT\ant cTiors Und to iocrcase ^vUh aRc especially amofiR Clavke 
pupils; vowels rcinnin relatively constant. (Clarke agc-proiip 8-9 repre- 
sents only one pupil.) 

The apparent increase in consonant errors with age means that 
the speech of the older pupils is less intelligible since Intel ligihility 
is negatively correlated with frequency of consonant errors (Table 
3). The average intelligibility scores for pupils in the several 
age-groups (Table 6) show this fact. Tlic Clarke intelligibility 
averages increase up through the 12-13’ycar Icvelj then rapidly 
decline. The Mt. Airy averages show minor variations but no 
definite trend with age, 

An analysis of the indtvidtial error categories according to age is 
presented in Table 6. Differences appear not only in tlie trends 
of the individual error categories with age, but also between tlie 
averages of the two school groups. These differences are more 
clearly defined in the graphic presentation of the consonant cate- 
gories in Figure 7. The coliinins represent average number of 
errors per pupil in each error category. The graph represents trends 
rather than statistically significant differences. The following trends 
appear : 

Surd-sonant errors (Category 1, Figure 7) show an increase 
in individual averages with age in both school groups, Tlie greater 
number of errors of this type made by Mt. Airy pupils is indicated 
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FIGURE 7 

Average Numder of Co^j&owan'i' Errors Per Piii'ir, Arranged 
According to (<7) Two-Year Age (iroui's; and [h) 

Error CATJJciORiES 

The tendency of consonant errors lo increase with n^c (Finnic 6) shows 
some modificalion when errors are broken down into catc|;orics. 
Caicfforles: 

1. Surd-sonant 1. Siihslitiitiori 

2. Substitution 2. JMphllion^s 

3. Nasality 3. DiphilioiiKi^alioii 

+. Compound consonants 4. Nciitrnlizaiion 

5. Abutting consonants 5. Nasality 

6. Arresting consonants 

7. Releasing consonants 

throughout the age range except at the 8-9-ycar level. The inaxi- 
inum number of errors are made by the 14'15-year age-group at 
Mt. Airy, and by the 16-17-3'ear age-gronp at Clarke. 

Consonant substitution (Category 2, Figure 7) rcmaijis at a 
constant level throughout the entire age range for Mt. Airy pupils, 
but drops to a lower frequency with the older Clarke pupils. 

The trend of nasality (Category 3, Figure 7) is reversed in the 
two school groups. There is an increase Avith age at Clarke and 
a decrease at Mt. Aliy- 

Errors involving compound consonants (Category 4, Figure 7) 
show minor variations in both school groups. Clarke pupils show 
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Jin increase in frequency up to the 16^17-year level, while at Mt. 
Airy the frequency tlccrcascs following the 14-1 5-year level. 

Errors involving abutting consonants (Category 5, Figure 7) 
remain relatively constant for both school groups. 

Errors involving the dropping of the arresting consojiant (Cate- 
gory 6, Figure 7) show reversed trends in the two school groups, 
TIic frequency increases with age at Clarke and decreases at Mt. 
Ain', 

Category 7^ non-function of the releasing consonant^ is similar in 
trend to Category 6 above. The increase in frequency of errors 
with age is more sharply defined among the Clarice pupils. 

To summarize: The frequency of consonant errors appears to 
increase with age among the pupils of both schools studied. This 
tendency is marked among the Clarke pupils. Likewise, speech 
intelligibilitj', which is inversely related to frequency of errors, 
tends to decrease with age. Analysis of the relationship of the 
individual error categories and age show that for Clarke pupils all 
error categories increase in frequency with the exception of the 
2nd (consonant substitution) and the 5th (malarticulation of abut- 
ting consonants). Category 1 (surd-sonant distinction) was the 
only one which sliowed a definite increase with age among the 
Mt Airy pupils, while Categories 6 and 7 (dropping the releasing 
and arresting consonants) show a reduction in frequency with age. 

This general summary of the data, showing an increase in con- 
sonant errors with age and the consequent lowering of speech in- 
telligibility especially among Clarke pupils, makes it appear that 
the speed] of deaf pupils deteriorates with age, even while the pupils 
are still in sdiooL This fact, however, is not clearly established 
from the above analysis. Two factors other than age are possibly 
responsible for this apparent deterioration, namely: («) The un- 
equal distribution of pupils with different degrees of hearing-loss 
w'ithin the individual age-groups; and (Z^) the variability of the 
degree of speech intelligibility among individuals making up these 
sub-groups. A preponderance of profoundly deaf pupils in any age 
group, or converse] 3 ' a relatively greater number of hard-of-hearing 
and partially deaf pupils in any age group would lower or raise 
tile average at that level with reference to the general level. 
Furthermore, it is possible that among the older pupils studied, espe- 
cially the profoundly deaf, some were poor speakers not because of 
any detexiorntion with age but because they have been poor speakers 



GEKIiTIC PSYCHOLOGY MOKOGRAPHS 


to M OO to 
Q I Cl -t- to ^1 


ao ^hsOh^’OcO vn 
Q (-. (M W Cl N CO Cl 


t>. CO cn DO i-^ in 

«M to N cs> d Cl N 


^ Wl 4^ 

G s os 

•J q 


■ 3 St 

c- ,^5 o S M 

S 3 

i sli ° 

P ^ 8 

P U 4 ^ 

5 rt « 

-<5^ S 
tn V g 
Stj o 

g’.fc g 
^3“ 

h So 

i<.a ti 

25 

I "■« 

^ A3 g 

“a” 

s « ^ 

S *3 u 

<iJ rt >- 
C <u ns 

!«:= 

.SrSS- 

a 3 

P “•S 

00 “* 

S H 

i-2 

Si 
“ I 


“ ) «o ''O ^ 10 1— Cl 
g M C4 CO CS 


^11, •r-clxlN.^tnCilva 
/^t ^3 ,H »-♦ *-1 1 -WO 

q* 


CO «-t "O xl- in CJ^ 


Cl CO ^ Iv. Id 


I *-l CO to I 

i-H 


I I CO -+ M cn 


I I I 1 t 1 

C» Q c<| *>0 gq 


I I 1 1 l 

og a Cl ^ >0 


Totals 



C. V. HUDGINS .\ND F, C, NUMBERS 343 

irom the very bcginiiiilE, It is possible to analyze the data for the 
effects of these two factors and to determine whether or not there 
IS a real deterioration of speech with age. 

The c/fects of the first factor upon the distribution of average 
shown m Figirre 6 can be dcteriniitccf from the data themselves. 
Table 7 shows the juunher of pupils, the average consonant errors 
and the average intelligibility scores for individuals within the 
several age grotips according to the three degrees of hearing loss. 
The number of pupils falling into these three divisions vary widely 
among the different age groups. The number of profoundly deaf 
pupils (Group C) is relatively stable throughout the age range 
from tlie 10-11'ycar group upward, ranging from 7 to 16 pupils. 
The nuniber of Ji a rd-of-h caring pupils (Group d) ninges from 
0 to 4; while tJie jnuubej of partially deaf pupils (Group B) ranges 
from 0 to 8. Taking Groups A and B together the numbci ranges 
from 0 to 10 for the different age levels. This distribution is such, 
therefore, tliac the ratios of Groups A and B to Groups C me by 
no means constant at the several age levels. 

The unequal distribution, as it appears in age-groups lO-Il (Mt. 
Airy), in 12-13 and 14-15 (Clarte and Mt. Airy), and finally in 
the, 16-1 7-)'ear group (Mt. Airy), is such that it tends to raise 
the gcjiei'al level of intelligibility and to lower the average consonant 
errors per pupil. On the other hand, the preponderance of pro- 
foundly deaf children in the 16-17, and in the /S- 5 *enr age-groups, 
especially among the Clarke pupils, would tend to lower the in- 
telligibility averages and raise the average consonant errors for each 
of these groups. 

Because of this unequal distribution it is necessary to determine 
tlic trends of speech ability and age separately for each of the three 
degrees of Iica ring-loss. These data Imve been tabulated (Table 7) 
and plotted graphically in Figure 8. The averages for the most 
part are based upon a small number of pupils, hence the graphs 
show trends rather than statistically reliable differences. 

Groups B and C, Clarice, show an increase in consonant errors 
with age and a tendency for the speech of t]jc older pupils to be- 
come less intelligible (Figure 8), Group A reverses this trend, 
■showing a slight improvement in speech with age. 

Mt, Airy pupils show a slight decrease in consonant errors with 
age in Grpups // and C, wliile Group B shows no definite trend 
(Figure 8). There is no apparent increase in consonant errors 
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FIGURE 8 

Changes in Articulatory Errors and Speech iNTEi.Lioinif.iTY 
According to Age and Degree of Hearing Loss: The Data 
FOR Tlir I'WO ScilOOl.S ARE PRESENTED SlvPARATHLY 

Cousoiiaut enorji Data ploitcd aeparnlcly for firoupa witli llirce dcRrcca 
of henring loss, (See Figure 6 for average consonniit errors and nge.) 
As consonant errors increase intelligibility ecoics decrease, 

Data plotted separately for groups with three degrees of hear- 
ing loss. The broken line represents averages of Groups /t, }) nnd C. 


in either of the three divisions, Intelligibility scores, likewise, do 
not decrease witli age among the Mt, Airy pupils. On the contrary, 
there is a tendency toward more intelligible speech among the older 
pupils of Groups A and Bj while Group C remains relatively con- 
stant at a rather low level of intelligibility. 

The evidence presented in Pigurc 8 indicates a deterioration in 
speech with age at Clarke among the partially deaf nnd profoundly 
deaf pupils. There is an indication of improvement in speech witli 
age among the hard-of-hearing .ind partially deaf pupils at Mt. 
Air3'’, while the speech of the profoundly deaf remains constant. 
The fact that pupils in Groups A and B at Mt. Airy enjoj'cd, at the 
time of this study, a wider and a more sj^stcmatic use of hearing 
aids than these same groups at Clarke in all of their classroom 
work probably accounts for the differences in the trends of speech 
intelligibility with age. The use of hearing aids, or the lack of it, 
cannot account, however, for the trends in speech intelligibility and 
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consortflnt errors noted among the profoundly deaf pupils of both 
schools, 

The second factor mentioned above* the variability of speech 
proficiency* or intelligibility, among the individual pupils within 
the profoundly deaf groups* may possibly account for the apparent 
deterioration in the speech of the profoundly deaf pupils. It may 
be argued tlhat an excessive number of poor speakers among the 
older pupils at Clarke does not mean that the speech of t/icse 
pupils has deteriorated with age; it may be argued, rather, that 
they have been poor speakers all through their school years. 

Obviously* a test of the type described in this paper would not 
reveal data concerning the previous status of the speech of any of 
the pupilSi Periodic speech tests covering a period of years would 
be essential in order to show changes in the speech development of 
individuals, Data which partially meet this requirement are avail- 
able for the Clarke pupils as a result of the annual speech-testing 
program initiated in 1935 and continued each year up to the present.’^ 

A comparison of tlic test scores of a group of pupils over the six- 
year period (1935-1940) will determine whether or not there is a 
general tendency toward speech deterioration with age. Test scores 
are not available for Mt, Airy pupils. 

Test scores arc available over this period for Clarke pupils listed in 
the 10-11* and 12-13 and for some members of the 1445-5'ear age- 

^The annual intelligibility tests are conducted as follows: ‘^E-ach pupil 
reads 10 ujirejnted sentences to four auditors, students in the Teacher 
Education Department. Two of the ouditora look at the pupil while two 
merely listen during the tests. Each sentence is repeated three times by 
the pupil rind the auditors Write down what they hear* or understand, 
at each reading." 

'^The scoring of the infcliigibility testa ia as follows: Sentences under- 
stood cm the first reading are given a score of 10; those underaJrODd 
on the second reading receive a score of 5; and those not iinder stood until 
the final reading are given a score of 2, No score ia given unless the full 
sentence is understood. Finally, an average score taken from the four 
audition-records is determined for each child'* (1, p, 3S), 

The validity of the intelligibility tests is determined by correlating test 
scores with teachers' rankings of individual pupils on the basis of speech 
intelligibility. A rank correlation between .70 and .80 is usually obtained. 

The reliability of the intelligibility tests is determined by correjating test 
scores obtained from the same group of pupila in two consecutive years. 
The test materials and methods used arc constant frorn year to year. A 
diflcrcnt group of auditors constitute the only change in the testing pro- 
cedure, The correlation between test scores of 1939 and 1940 for a group 
of 96 pupils is .8+, PJi .02. 
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groups. Comparison of the speech intclligil)iliLj»^ scores can be made 
for a total of 34 pupils; 19 of these arc classified as profoundly 
deaf, 10 as partially deaf, and 5 as liard-of-hearing. The 1940 
average intelligibility scores for this group of 34 pupils sliow no 
decline over the 1935 scores. Scores of some individual pupils, hew- 
evci'j show gains, while those of others show losses. Of the 19 pro- 
foundly deaf pupils 12 showed gains ranging from 2 to 19 percentage 
points. The average gain for this group is 12 percentage points. 
The remaining profoundly deaf pupils showed losses ranging from 
3 to 30 percentage points. The average loss for this group is 17 
percentage points, The 1940 tests for the entire group of 19 
profoundly deaf pupils showed a gain of 3 percentage points over 
the 1935 scores. 

Of the 10 partially deaf pupils, for whom scores were available 
for comparison, four showed losses ranging from 7 to 18 per- 
centage points, while six showed gains ranging from 5 to 14 points. 
Four of the five hard-of-liearing pupils showed gains ranging from 
1 to 7 points during this six-year period, wliilc one showed a loss of 
9 percentage points. 

It is evident from the above analysis that speech intelligibility, as 
it is tested by this method, may increase, decrease, or remain static 
as pupils continue in school over a six-year period. No general trend 
for the group of pupils as a whole is apparent. Wide individual 
differences of both the degree of speech intelligibility at any given 
time, and the amount of individual progress or retardation in speech 
intelligibility over a period of years, appear to be of far greater 
significance for study and analysis than general group trends. The 
degree of speech proficiency existing witliin a group of pupils at any 
given stage in their speech development, as well as the amount of 
progress that will be made over a period of years will depend upon 
factors which produce these individual differences within the group. 
These factors are not clarified in the above analysis, and a more 
detailed investigation will be necessary for their clarification. We 
may suggest, however, that factors, such as the intelligence of the 
pupil, the amount of residual hearing available for use, tlie degree 
to which this residual hearing is used in speech development, the 
relative amount of time spent upon speech training as the pupil 
advances from the lower to the higher grades, and the extent to 
which speech is used as a means of daily communication, all of these 
factors, determine the trends of speech intelligibility witli age. 
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111 clisciissinp: chanties which occur m the speech of deaf children 
with ape, rfaycnck (8 pp. 255-261) says, (p, 255) : is commonly 

observed t/int the speech of deaf-horn pupils become less intelligible 
as they advance from the lower to the higher classes in school; and 
this increasing difiicully to uiulcistand their speech is ascribed to 
its deterioration/’ In attempting to explain tliis statement Haycock 
suggests that the less intelligible speech of the older pupils is not due 
to a process of ({e/eriorntion, but rather to factors Inherent in 
the progress of deaf children as they advance from the lower to 
the higher grades. These factors Haycock lists as: differences be- 
tween the range of vocabularies, grammatical structures, degree of 
phonetic complexity, and the relative amount of time spent purely 
on speech instruction in the lower and the more advanced grades. 
He hcllcves tliesc factors account for tlie differences in speech in- 
telligibility among the younger and older pupils. He considers tliat 
'inadequate and insuflicicnt training and preparation to meet a 
continually growing and expanding set of varied speech requirements” 
arc responsible for the apparent detcj-ioration in the speecli of the 
older pupils. 

Ct, Analysis of Errors of Rhythm 

An anah'sis of the errors in the speech of deaf pupils would be 
quite incomplete if errors of rhythm were omitted. One of the 
serious defects in the speech of deaf children is the labored, mal- 
plirascd, and baiHy accented sentences. The apparent disregard for 
the normal rhythmic patterns helps make their speech unintclligibre. 
It was a relatively simple matter in making an analysis of the speech 
records of the subjects in tliis survey to grade each sentence for 
rhythmic errors. The rhythmic patterns, or the lack of them, stand 
out clearly as the records are played back several times; and it be- 
comes an easy matter to tianscnbc the actiml rhythms in terms of 
commonly used symbols. Each of the test sentences, sonne 1,900 in 
all, were transcribed in this manner and classified according to three 
rhythm categories. “A brief discussion of the nature of speech rhythm 
will clarify the description of the rhythm categories. 

Obviously rhythm is not primarily a matter of sound since con- 
genitally deaf children learn to execute rhythms of various kinds 
such as musical rhytlims,- dances, calisthenic drills and even recite 
verse with a definite feeling for the rhythmic patterns. Their or- 
dinar 3 ^ speech i.s often rh 3 'thniic although it may not follow the 
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normal English rhythmic patterns. The fact that they do not learn 
the English speech rhythrris easily or as quickly as normal children 
does not mean that speech rhythm is dependent upon sound. It 
means rather that deafness blocks the normal avenue^; by which 
speech rhythm is learned ; it means also tliat teachers of the deaf 
have not yet developed wholly adequate methods of teaching speech 
rhythm. 

Sounds can arouse a rhythm and can he grouped into rhythmic 
sequences, but rhythm has a far wider field than that of sound alone, 
and is essentially a matter of the grouping of movements (16, 14), 
Therefore, it seems to us there is nothing about the rhythms of 
speech that the deaf child cannot Icain, 

Rhythm is basically the grouping of movements about a main com- 
ponent which is said to be accented, The accented movement is 
the stronger, or the stressed impulse, and marks the regular repetition 
of ”lect" in verse. In prose the "feet" arc not repeated in any 
regular recurrent pattern. The terms ‘'accentuation^ and “sub- 
ordination” describe the dynamic processes involved in rhythmic 
grouping (14, p. 293). By grouping is meant that two or more 
unit impulses are joined together forming a larger unit, commonly 
called a “foot,” in which the lesser component elements, or move- 
ments are subordinated to the stronger, accented component. The 
expressions: oji jlte fin ij tn ^sch'o hl, Mke i /j spoken normally 

with accents as indicated, are examples of unit groups or feet illus- 
trating the phenomenon of grouping, 

Rhythmic feet are, in turn, grouped into larger units called 
“phrases” or “breath-groups” in speech, The smaller unitary move- 
ments in speech are the pulsations for the syllables (17, p. 29; 18, 
p, 246), The slower movement of expiration binds the syllables 
which are grouped into rhythmic feet into the larger unitary move- 
ment af^he phrase. The sentence; T l^ y t ^k fus brojjier 
to ^ t)ie u iovies, spoken on a single expiratory movement with the 
syllables grouped into feet as indicated, becomes a breath-group in 
which the individual feet arc closely joined by the unitary move- 
ment of expiration. This slow movement of breathing-out gives the 
phrase its unity. 

In English speech the word-accent is definitely fixed so that the 
accent of the word is observed in the phrase althoiigli the word may 
be lost in the breath-grouping. Strictly speaking, the syllabic which 
carries the word-accent continues to be accented as the word be- 
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comes a part of tlic phrase. The word accents of bj^^r and ujm^s 
in the example giVen above arc retained and help mold the rhythm 
of the phrase in which they appear. A shift of these accents to the 
second sj’llabics, as in brotji^ i novi^ would not only modily 
the words themselves but would violate the normal Englisli rhythm 
of the phrase. Foreigners learning to spcalc English have great 
diflicultj' with word-accent, 

Tl^e rate at which movements recur in a sequence vitally affects 
the rh 3 ’t]imic grouping. There is a lower and an upper limit to 
the rate of succession at which the grouping of events in a sequence 
is possible (14, pp. 295-296), Movements, sounds, or other events 
occurring in a sequence as slowly as 20 to 40 per minute cannot be 
grouped rhythmically; at such a low rate each unitary event becomes 
nn accented single unit-foot. Again, a rapid series of movements 
which recur at rates as high as 6 to 8 per second cannot be grouped 
into rhythmic units since the rapid rate does not permit time for 
an accented movement which requires a longer duration. 

Stetson, 1928 (15, pp, 205-206), in discussing the influence of 
rhythm on the pronunciation of a language sa 3 »s: 

The rhythm is certainb' oae of the most /andc'i mental charac- 
teristics of the pronunciation of a language, and Is often most 
difticirlt for a foraigner to acquire. The play of the word 
.iccents, (lie rhythmic grouping of the phrases, the differences 
m /cfTgth af the syNahics are all dtffrctdq and all important 
for good ^’accent/’ And it is not the ease that one can first 
master (he '^efements” of the pronunciation, the ‘‘sounds” and 
then set them in the rhythm. It is easy to see that rhythm 
has a vital influence on details of pronunciation; the word 
accent often determines the function of tlie consonant as arrest- 
ing or releasing and also determines the syllable in which the 
consonant shall function; the rhythm at high speed determines 
the shirring or the full pronunciation of syllables. 

The question arises as to whether the “Elements ]\'Iethod“ of speech 
teaching, common in most schools for the deaf, is in accord with 
the basic principles of the development of speech rhythm as expressed 
in the above quotation, namely, eieineiUs of pronunciation , the 
*^soifnds" are not mastered first then set in the rhyilnn. The Ele- 
ments Method stresses the teaching of individual elements; the 
elements are then combined to form words, finally words arc com- 
bined to form phrases. Teachers insist upon “accuracy” for these 
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elements by whicli they mean that each sound must have a rela* 
tively fixed duratiortah qiiaUtativc, and intensity value before they 
are combined into syllables and ^vords. This procedure overlooks 
the very important and basic fact that syilables rather than 
enny the rhytlmi of speech, and that syllables arc strojii^ or weak, 
long or short, depending upon the dynamiij patterns of rhy^mic 
grouping, ^or instance, the^cjitenccs : lily^jnthpr is^ tnlhr lhf i?i 1 g in, 
and Tf ic hu Xu c an would bc^'sjJoCcn normal I with the 

rhythmic grouping as indicated. The division of the sentences into 
unit-groups (feet), wliilc somewhat arbitrary, may be also as Indi- 
cated. The accented syllables will not only be uttered more forcibly, 
but they will also have a greater duration than the unaccented 
syllables, The individual sounds, the consonants and the vowels, 
are likewise long or short, stressed or unstressed, depending upon 
tlicir occurrence in accented of unaccented syllables. For instance 
the vowel re, the pronoun 1 (first sentence), is of nnicli greater 
duration than the same vowel in the pronoun my when the sentence 
is spoken as indicated. The k in kitten (second sentence) likewise 
is more vigorous and has a longer duration than the same sound 
ill the word can in the same sentence, 

A further illustration of the effects of the rhythm of the phrase 
upon individual sounds is offered by the phrase 
When the verb ivant is accented m this phrase the arresting com- 
pound consonant nt is retained in that position. A shift of the 
accent to neiu, however, leaving the verb unstressed, normally 
causes the / of the combina^tion to shift over ^to the following syllable 
and the phrase becomes ^ ^wan j ti im i. Again, a consonant 

may be dropped entirely by a sligl^ change of accent as in the phrase: 
I jLi/m i tQ_ _^o /lo Ffg changed to; IjAmnt^^ ^ hWt^ e. The retention 
of the accent on ivani permits ^jflicicnt time for the retention of 
the final / which doubles with the initial t of to, the following 
ayllable. When the accent is shifted, hoAvever, and placed upon 
the verb go the rate of the unaccented syllabic want and /ops much 
too rapid for the double consonant and the phrase becomes; 

Individual sounds must accommodate tlicniselvcs to the demands 
of the rhythmic grouping of the syllables iji which they occur. 

®A detailed discussion of the elfecls of word-accciu upon syllables and 
its relation to individual phonemes laps been presented hy Stetson (15, 
pp, HO-205). 
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They niJiy be IcnKlIiond, shortened, shifted from one syllable to 
nnotlicj-; or evcJi dropperl out of the coordination alto^etlier. Speech 
rhytlini must suffeij therefore, wdicn the speaker by force of habit 
insists upon each individual sound a definite stereotyped 

value, It is worth vcpeatiji#^ tliat syflabh^ rather than huHvidual 
sounds carry the rhythm of .v/»w4. Even riormal word accent be- 
comes distorted umicr conditions in which the speaker ^'ptmehes out"' 
eacli sound in a niaiuicr similar to that in which mdividual letters 
arc ^‘pnnc}>cd out’* in typewritiiifj. When words such as father, 
morning, around, etc,, arc spoken in a manner such that the sounds 
in both syllables arc of equal duration and intensity the effect is 
that of accentiniz both s.vllablcs, or of sliifting tlie normal accent to 
the ujiaccentcd syllabic; the words lose both their acoustic and 
rhythmic form* 

In tliis connection it is of interest to note tliat Dr- Bell, who 
advocated the clcnients nietlicid of speech teaching, was not only 
aware of the importance of rhythm, but pointed out the reasons 
for tJic lack of it in the speech of congenitally deaf cliildren. In 
discussing the matter (2, pp. 14), he sa 3 's: 

I fir'.t tJiUered upon the work of artJcuJatiou teaching, 

I wan very proud of die proiuinciation of some of my con- 
gcnitnily deaf pupils. They had been drilled upon the elements 
nml were able to pronounce words and sentences written in 
Visible Speech with absolmc correctness, slowly, it is true, but 
vviili perfect elementary sounds- To my great Tnortificntion; 
however, I found that visitors generally preferred the imper- 
fect gnbblc of some semi-mute to the elocutionary speech I had 
labored to impart. 

Again, Bell sa^'s, p. 15: 

Ordinary people who know nothing of phonetics or elocu- 
tion have difficulty in understanding slow speech composed 
of perfect elemenatry sounds, while they have no difficulty 
in unilei'slandfug an imperfect gabble if only the accent and 
rhythm are natural (italics ours). 

The point inferred here is that “perfect elementaiy sounds from a 
phonetic or clocutinnnry point of view arc incompatible with the 
dynamic processes of grouping, accentuation, and subordination of 
sj'llablcs. In the passages whicli follow the above quotations Bell 
discusses tlic wasted labor “bestowed upon uaaccc/itcd syllables. 
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From the standpoint of rhythm ihc sentences spoken by the 192 
deaf pupils studied in this investiRrttion caii be divided into three 
types of categories: (rt) Those spoken with normal rhythm, c,g., 
J? zoilj 7 iot riin toilay; {b) those spoken with abnormal rhythm, 
e.g., Ttu wiUi! fioirl twti (tday; and (r) those spoken non-rhythmi- 
cally, c*g,, it will not rani today. 

Sentences spoken with normal r/iy/fjin included all those in which 
the accents were properly placed, in 'wliicli the normal Englisli 
grouping of syllables' obtained, and in which the rate of syllable 
utterance was such that grouping was possible. Of 1,868 sentences 
available for rhythmic analysis 45 per cent were spoken with normal 
rhythm. This 45 per cent, or 837 sentences, accounted for 74 per 
cent of all sentences correctly understood by the auditors, 

The rhythm of a sentence was classified as abnormal when the 
rhythmic pattern conflicted witli, or did not conform to a normal 
English pattern for that sentence, Tliis abnormality took one of four 
forms: (a) Sentences were broken up into short, unusual breath- 
groups; word accents were misplaced, or normally unaccented 
syllables were accented; (r) adventitious syllables were added to 
u'Ords containing compound consonants, or bct\\'ccn syllables con- 
nected by abutting consonants. The phrase /» the spoken 

as hiu the sunoiv is nn exarnpic. Often forms {h) and (c) were 
combined, {d) Syllables were omitted from polysyllabic words 
thus breaking up the normal rhythmic pattern^ Of the sciUcaccs 
analyzed 36 per cent, or 668 sentences, were spoken with abnormal 
rhythm, This 36 per cent accounted for only 17 per cent of all 
sentences correctly understood by the auditors. 

Sentences were classified as non-rhythmic when there was a com- 
plete absence of grouping, when each syllabic in the phrase was 
spoken slowly and with the same degree of stress, and as a single 
breath-group. This type of utterance is either too slow for any 
scmhlancc of rhythmic grouping oi the rhythm*' with com- 

plete lack of variation of accent gives it a form utterly lacking in 
rhythmic characteristics, It he charactciizcd as nicivonovuc 
speech. Nineteen per cent, or 363 sentences, of the total group 
were classified as non-rhythmic. These accounted foi‘ only 9 per 
cent of the sentences correctly understood by the auditors, 

To sumhiarizc: Sentences spoken rhythmically correct by deaf 
pupils have almost a four to one (3,5 to 1) advantage of being 
understood over those spoken witli inconcct rhythm. Slightly 
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(ess than half (45 per cent) of all sentences spoken by 192 deaf 
pupils ^vcrc spoken with norma! rliytlun, yet these accounted for 
three-fonrths (74 per cent) of all the sentences understood by the 
auditors. 'I'lie remaining sentences spoken with abnormal rhythm 
or with no riiythm (55 per cent) accounted for only 26 per cent 
of all sentences undetsUiotl hy the auditors. 

A summary of the data for the two scIiodI groups taken separately 
IS given in 'f'ahfe fi. 7'herc is a striking smiilanV m the speech 

I'AHLE 8 

• Nijmder AiJD PiiR Ce^’t or Sentences Spoken with Three Types of 
Kuytiim, and Per Cent op Sentences Wijicji Were Understood jjy tjje 
Auditors Wine// PAi.r. into the Three ItiiYriiw Categories 

No. of 


sentences % of those 


Rhyllim category 

spoken % 

of total 

underslond 


Clarke 



1. Normal 

38J 

46 

73 

2. Aluiormal 

329 

39 

20 

3. Non-rbythm 

127 

15 

7 

'1‘olni 

iin. Airy 

100 

100 

1, Normnl 

452 

44 

75 

2. AhnoniUTl 

339 

33 

14 

3. Noa-rhyilim 

236 

23 

11 

lotaf 

1,027 

too 

100 


rhythm data of the pupils of the two schools in this general analysis^ 
Defective rhythm, of course, was not the only CtTiise for the failure 
of the auditors to understand the speech samples. Indeed, not all 
of the sentences spoken with correct rhythm were understood by the 
auditors. Articulatory errors, previously discussed, were present in 
most of the sentences. In fact, those sentences free from defects of 
rhythm contained fewer articulatory errors, and sentences spoken 
with abnormal rhythm or non-rliytlimically contained a greater num- 
ber of articulatory errors. The presence of .'irticulatory errors along 
wltli errors of rhythm would natually condition the intelligibility 
of the sentence to a degree which cannot be attributed wliolly to 
its rliythmlc pattern. In order to deteriTiine the true extent of 
the relationship between articulatory errors and errors of rhythm 
carrelatfOfi coe/Jicfe/?ts hetwcc/i tu'^o T'ariabJes were calculated* 
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TAHLE a 

Clarke: Co/noitani errors vs. carrecf rhythm 
Vonvcl errors vs. correct rhythm 

ML Aity l Consonant errors vj, correct rhythm 
ronvel errors vs. correct rhylhtn 


—Ai, PH M 
—,00, PP .05 

—<<19, PE .03 
—.53, PE .05 


The cocfTicicnts were siRnificaiit in each case (Tahlc C). The nega- 
tive coefficients of correlation, altlioiigli not extremely liigh, arc 
reliable, and Indicate that sentences spoken 3vilh correct rhythm are 
likely to have fewer articulatory errors than those spoken with 
abnormal rhythm. 

Both articulatory errors and errors of rhythm, therefore, arc 
operative in determining the degree of intelligibility of cacli sentence. 
It would be interesting to know just wliat arc the relative contribu- 
tions to speech intelligibility of these two variables. The methods 
of partial correlation offered a means of studying this question with 
regards to the present data. Hy statistically ruling out one or more 
of the variables it was possible to sliow the true correlation between 
intelligibility and consonant errors, huclligibility and vowel errors, 
and intelligibility and correct rliytliin. Partial coefficients of correla- 
tion were calculated from the data of the two schools separately. 
Table 9 shows the intercor relation between intelligibility, rliytlim» 
consonant errors, and vowel errors; and finally partial correlation 
coefficients between intelligibility and each of the three variables witli 
the remaining two ruled out, or held constant. 

The data in Table 9 indicates that rhythm is a rather important 
item in the speech intelligibility of deal pupils. The intcrcorrelation 
of rhythm and intelligibility is .71 and .76 for Clarke and Mt, 
Airy respectively. When the effects of enusonaut and vowel errors 
are ruled out (partial correlation method) there is still a rclntivcly 
high degree of correlation bet wen the two variables. The actual 
figures are .56 (Clarke) and .52 (Mt. Airy). These figures show 
that the relationship between speech rhythm and speech intelligibility 
is just as great as that between consonants and intelligibility, and 
considerably greater than that between vowels and intelligibility. 

It has been noted by many observers, among them Bell (2), and 
Story (19), both of whom had had considerable experience in teach- 
ing speech to deaf children, that consonants are more important 
than vowels in determining speech intclUglhiUty, The data of this 
investigation bear out this observation and furnish quantitative evi- 
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dcncc in its support. AVhen the effects nf rliytlnn and consonants 
arc ruled out the partial enr relation between vo\vcl errors and 
Intelligibility is rather Imv: « — .20 (or CJhrke pupils and — .12 for 
Mr. Airy pupils. Similar euefficiciits for consonant errors and 
intelligibility, on the other hand, iircj ---.60 (Clarke) and — .30 
(Mt. Air^O- If 'VC may accept these partial corrcluiioii coefficients 
as indicative of the relative importance of consonants and vowels in 
the interpretation of speech it is dear that the former arc of much 
greater importance. 

Speech rhythm, as sl\own by the data, becomes an iinpovtant factor 
in speech intelligibility. The data presented above applies, of course, 
to the pupils and speech materials of this study. Several questions, 
Jiowcver, arc raised : Can we say the results arc t3'pical of the speech 
of deaf children in general? What arc the practical implications 
for speech tcacliing and speech correction for deaf children? 

In answering these questions some degree of speculation is in- 
volved. It (s safe to say, however* that the spccdi of the pupils 
studied is representative of speech teaching In America at the present 
time. Both schools have long traditions in teaching speech. Their 
teachers and administrators liavc been pioneers in the education of 
the deaf. The pupils studied were representative of the student 
populations lor the years 1936 and 1937. The ^cst matcvials used 
were simple; they were worked out in collaboration with teachers 
who knew the type of language forms and vocabularies familiar to 
their pupils. 

As to the practical application of tlicsc findings regarding speech 
rhythm there arc dear indications that greater attention and stress 
upon normal speech rhythm should greatly improve the speech of 
deaf children. The truth of this is eloqviently suggested by the fact 
that while only 45 per cent of .all sentences were spoken witli normal 
rhythm, this 45 per cent accounted for 74 per cent of sentences under- 
stood (Table 8), The need for basic training in speech rhythm is 
also indicated by the data. This need is sharply defined in the 
rhythm data of the profoundly deaf pupils, Groups C. Of the 
sentences spoken by these pupils only 30 and 23 per cent were spoken 
with normal rhythm by Clarke and Mt. Airy pupils respectively. 
These, in turn* accounted for 52 and 41 per cent of .ill sentences 
understood by the auditors. 

Greater attention to the development of normal speecli rhytlim 
would me.an* among other things, a better application of the fiincla^ 
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mentals ui srrrch rhyibjih It wnuhl mean that less emphasis be 
placed upon the leacin'n;; of single MnmJ.s ''clcjnents/' and greater 
emphasis upon teachiniz the dynamic functions of consonants njid 
vou els as thej- c<nuhific in the chain fd sj Uahlcs which make up bicatli 
fi^roups. Individual "Mjumis” are n<ji mastered first and then ‘'set 
i/i the rhythm" as current "analytic*' mcllmds of speech teaclfinf? 
ijujdics. On llu* contrary, hvll aides, tlie primary clcjncnts of spcccli 
carry the rhythm and the ''elements^* or sounds must accommodate 
themselves to the rhythmic demands of the chain of syllables in the 
pJuaR'. Individual "sounds" arc shortened, kiip:thcficd, caused to 
iuse with otlmi .sr)iij)ds, shi/ted iron) one .syjlnldc to the otljer and 
even forced to drop n\it completely by the varyini^ rhythmic patterns 
and varyini^ rates of normal speech, Tlicsc sitifts and changes become 
impossible u'hcji the speaker atre/npts to ^tiVc stereotyped values to 
each individual sound. 

Speech rl)ythm is n specific form of rhythm; il rs based upon the 
syllable rate, the word accent, aj)d t))c proper /^rouping of syllables 
about this accent in the formation of brcatli groups regulated by 
the breathing muscles, "Rliytlitti Classes" in which deaf children 
lear /1 complic/jtcd /niwiw) rlivtlmrs hr brief p^rioibf cadi daj' prob- 
ably arc of little value lus such since the patterns learned are not 
speech rhythms and can linve little or no application in speech de* 
vclopment. Since speech rhythms arc produced and controlled by the 
breathing muscles, the training of tlicse muscles In the 
proper forms of breath control and plirasing becomes an im- 
portant part of sficeeb training. Furthermore, the articulatory 
organs whicli produce the rounds should not be trained in isolation 
in the "deveiopment" of the individual rounds since these sounds do 
not occur in isolation in Sficcch. important part of speech 

training consists in coordinating the two haslc movement series of 
speech j the syllable movements and the articulatory movements, into 
a functional 'ivhole which we call the speech meclianism. TJic teach- 
ing of speech rhythm, therefore, cannot be actually separated from 
the teaching of speech. From the very beginning of speech develop- 
nient speed/ rlij thfri, tlint is, accentuation, grouping and phrasing 
of syllables, should be a vital and inseparable part of speech training] 
ratlicr than an independent project at which classes spend 15 to 30 
minutes each das^ in the "rhythm room." 
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1. Speech Rhythm and Decree of Fleeirhiff Loss 

Ai^alysis of the rhythm shows that the development of normal 
speech rhythm, like the other aspects of speech previously discussed, 
is affected by the amount of residual hearing-. One method of 
showing this relationship is that of the degree of correlation between 
the number of sentences (in 10) spoken rhythmically correct and 
the amount of residual hearing as expressed by the audiometric 
scores. Correlation coefficients of .61 and -69 were found for these 
two variables for Clarice and Mt. Airy pupils respectively- This 
indicates that the presence of even a small amount of residual hearing 
is an asset in tlie development of normal speech rhythm, 

A detailed nnah^sis of the effect of hearing loss upon speech 
rhythm is presented in Table 10. The average number of sentences 
(in 10) spoken with normal rhythm, and the number of correct 
auditions for each sentence (based upon the records of five auditors) 
are presented for each of the three divisions of hearing loss, Groups 
A, Bj and C. The figures for the two scliool groups are very similar, 
showing similar trends, and with a slight advantage in favor of 
Clarke pupils for Groups A and C. Group Mt. Airy, is slightly 
superior to the corresponding Clarke Group. The number of sen- 
tences per pupil spoken with normal rliytlim in Groups Aj B, and C 
stands in the ratio of 3:2:1. 

The effect of rhythm upon the intelligibility is demonstrated 
again in the figures indicating the number oi correct auditions per 
sentence. The effect of abnormal or non-rhytlimical speech is less 
apparent in sentences spoken by hard-of-hearing pupils (Groups 
A) because of the few articulatory errors in these sentences. On 
the other hand, sentences spoken with normal rhythm by profoundly 
deaf pupils (Groups C) were two to three times more intelligible 
than those spoken with abnormal or with no rhythm. 

The data show clearly that even a small amount of residual hear-' 
ing enables ‘‘deaf” children to acquire the normal rhythmic patterns 
of speech more completely than those deprived of this avenue. This 
fact, however, is not to be interpreted as meaning that profoundly 
deaf children cannot learn the normal rhythmic patterns of speech. 
Indeed, they do learn rhythmic patterns in verse, calisthcnic drills, 
dances, and even musical rhythms. The rhythms of speech are prob- 
ably not move difficult than some of these, Proficiev\cy in the 
execution of the rhythms of dancing or music, however, will be of 
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little liclp in learning speech iliy thins since tlicrc is so very little 
direct relationship between them. The effects of exercising the 
legs or the arms in learning a movement sequence involved in a com- 
plicated rhythmic pattern arc not transferred to the spcecli mcchnnisin. 
Even if such transfer were possible it would be of little use since 
speech rhythms are quite different in dynamic pattern. The way for 
pupils to learn speech rhythms is to have them practice speech rhythms 
^^7 practice hom the of speech traininf^ the 

proper grouping of syllables into breath groups. Individual ^'clc- 
ments’* embodied in syllables, while not to be ignored, are sub- 
ordinate to the rhythmic grouping of syllables and undergo changes 
of duration and function, changes dictated by the demands of rhytlim, 
Hearing aids arc especially helpful in teaching speech rhythm. Even 
the profoundly deaf can get the rhythm of a phrase though none of 
the sounds are understood. The tactile, visual, and kinacsthetic 
senses arc also available for presenting tlic rhythmic patterns of 
phrases. 

2. Amalysls of Rhythin Data Accordhtff to Afjv 

Table II presents an analysis of the data from the two school 
groups according to two-year age-groups. The average niimhev of 
sentences (in 10) per pupil spoken with each type of rliythm and 
the average number of auditors (among 5) who understood each 
sentence are listed in separate columns. Mt. Airy pupils show 
slight increase in the number of sentences spoken with correct rhythm 
with age up through the 18-year group, but the number of correct 
auditions shows no definite trend with age. The 12-I3-ycar age- 
group, among the Clarke pupils, show the highest number of rhythmi- 
cally correct sentences and a slight decrease from this group on to 
the older pupils. Likewise the number of correct auditions per 
sentence is highest at the 12-13-year level and decreases among the 
older groups. There is a general decrease with age in the number 
of sentences spoken non-rhytlimically in both school groups. This 
indicates that pupils are learning, as they grow older, to group 
syllables into a form of rhythmic pattern. These patterns, however, 
are not necessarily the normal English forms of grouping and accen- 
tuation, Accentuation and grouping of movements is a phenomenon 
which will naturally occur whenever a series of movements (syl- 
lables) arc executed at rates at which grouping is possible. Increas- 
ing familiarity with articulatory movements, vocabularies, and 
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ginmniRticfil foims pcniiits the older pupils to repeat syllables and 
words at a more rapid rate of utterance than that of the younger 
pupils. Various forms of accentuation and rliytlmiic groupings will 
naturally occur under these circumstances* It is not inevitable, 
however, that the patterns thus formed will be those of nonnal 
English groupings unless they arc specifically taught. In general, 
therefore, it can be said that there is a tendency among the Clarke 
and Mt. Airy pupils to speak more rhythmically with increasing 
years in school, but the rhytlmiic patterns used, especially by Clarke 



FIGURE 9 

Average Number of Sentences Per Pupii Sfoken with Three 
Types or Rhythm Arranged Allurijing to Agk Groups 
AND Hearing Loss 

C . — Clarke data. 

M . — Mt, Airy data. 

The number of sentences spoken with norm ill rliyllim (Rlackcncd area) 
increases with age; this number is rciiuccd as deafness increases (Groups 
A to C). 

The number at aentcucesk apoken \nU\\ abnoiuml rhythm ^h'Atched 
changes very little with age, Imt decreases as the degree of clenfiiCBs 
decreases. 

The number of sentences spoken non-rliythmicnlly (clear area) decreases- 
with age and increases with degree of hearing loss. 






C. V. HUDGINS AND F, C. NUMBERS 


363 


pupils, are not more likely to be the normal or correct forms with 
increasing age. The increasing tendency toward the grouping of 
syllables into feet and breath groups with age is probably due to 
increasing familiarity with language forms, to an increasing fluency 
of speech, and to an increasing vocabulary with age. But there is 
little or no tendency for the older pupils to use the correct form of 
Knglisli accentuation and grouping more frequently than the younger 
ones. 

The rhytl^m analyses for hearing loss and for age (Tables 10 
and 11) are both presented graphically in Figure 9. The solid 
portions of the columns indicate the average number of sentences 
spoken witli correct rhythm at each age level for the three degrees 
of hearing Joss. The hatched portions indicate the average number 
of sentences spoken with abnormal rhytl]m. The clear portions 
indicate the average number of sentences spoken non-rhythmically, 
Two general tendencies are clearly shown in the figure: A decided 
increase in number of sentences spoken with normal rhythm with 
increasing amount of residual hearing; and a decrease in the number 
of sentences spoken non-rh 3 ^thmically with increasing age, especially 
in Groups B find C. Group A shows most clearly an increase in 
normal rhythm with age. 

H. Relative Difficulty of Individual Phonemes in the 
Speech of the Deaf 

The data presented thus far deal with speech errors considered 
in terms of error categories, Comparisons of these categories have 
been made on the basis of their relative frequency, their relative 
importance for speech intelligibility, and between groups of pupils 
classified according to age and degree of hearing loss. 

It should be of interest to make a further analysis in which indi- 
vidual phonemes are ranged on a difjicnh)^ scale. The position of 
any phoneme in the scale will be determined by its stability in 
the speech of deaf children. In other words, the number of times 
any phoneme is malarticulated or dropped in the speech of 192 deaf 
children, taking into account the relative frequency of occurrence 
of that phoneme, determines its place in the diificuUy scale. 

Zipf (25), in attempting to show a relationship between the fre- 
quency of occurrence and degree of complexitj^ of phonemes met 
with difficulty in establishing a quantitative scale of "'degree of com- 
plexity.’* He finally resorted (pp. 59-61) to a theoretical scale 
based upon what he called "a constellation of articulatory sub- 
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gestures*’ in which the number of separate articulatory events in- 
volved in the production of a plumcmc dctcnniried its degree of 
complexity. On this basis he concluded that aspirated stojvs were 
more complex than unaspirated stops, foi-(cs stops jx'iore complex than 
hiicSj and voiced stops were more complex tlum voiceless stops. 
On the basis of tin’s method of clnssificiiCirm /^ipf shows an inverse 
ratio between the frequency of occurrence of these sounds and their 
relative complexity in the several InnKurtgcs studied. 

Since deaf children must Icrtm to produce the phonemes largely 
or solely in terms of articulatory movements any differences a.s to 
degree of complexity of these movements should appear ns the pupils 
use the sounds in speech, It becomes possible to u'orle out ,a prag- 
matic scale of (liffictillyt therefore, in which each phoneme finds its 
place by virtue of its instability in the spcccli uf deaf children as 
determined by the number of times each phoneme is malarticuUted, 
Such a scale should have practical value for teachers of the deaf 
and at the same time be of theoretical interest to phoneticians, al- 
though a scale of difficulty for normal hearing children might he 
totally different. 

By going over the data it was possible to dctcrmiitc the number 
of times each consonant or vowel was malarticulatcd by 192 deaf 
children, The several types of crions were ignored in this tabula- 
tion, Consonants which appeared as components of compound con- 
sonants were not ijicludcd in the tabulations since sucli combinations 
are fusions of two or more consonants in which tlie true Identity 
of the individual components is lost, frequency tables showing the 
number of times each sound was dropped or mispronouncod wdre 
made, Table 12 shows the consonants and vowels listed in the 
order of frequency of errors. The data obtained from the pupils of 
the two schools arc listed first separately and then combined. There 
is a close agreement in the ranlciiig between tlic two school groups 
in both consonants and vowels. The rank order correlation for 
consonants for the two schools is .88, PE .02 and for vowels it is 
,92, PE ,014. 

1. Er ror Index Ran Id tiff of P ft on ernes 

The rankings of the data in Table 12, however, arc based on 
frequency of errors of individual sounds and ignores the actual 
ficqucjicy of occurrence of these sounds in the sentences used as 
test materials. Such a ranking, therefore, docs not give a true 
picture of the relative difficulty, or relative stability, of individual 
sounds in die speech of tlesif children. A true ranking of each sound 
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TABLE 12 

Consonants and Vowels Ranked Accokdinc to Frequency op Errors 
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Rank IDifFercncc Correlation: Clarke and Mt Airy: Consonants ,88, PE >02. 
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TAliLi: 13 

Relative Frequencv ov Tow wim ants anii Vowem (a) iw the Tbst 
Material; and {b) in Uevvuy's Akalysus oi> lOO.npO Wimca 
Taken fhom Modern Kntti.isiI Prose 
The frcciiicncy af cncU sound is pivcn in tcnnji of ikt cant of total 
consonants, or per ctjni of loml vowels, 
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accQvSia^ to its relative stability must te based upon the distribu- 
tion of consonants and vowels in the test materials. 

The phonemes in a random sample of 350 sentences were counted 
to determine the relative frequency of consonants and vowels in 
the test materials. The frequency of occurrence of each sound was 
converted into per cent of total consonants or vowels in the test ma- 
tcr/ais. Rank lists of these percentages are presented in Table 13, 
ranked in the order of relative frequency. Similar lists taken from 
Dc\vcy*s material (3), representing an analysis of 100,000 words 
taken from representative types of modern English prose, are pre- 
sented for comparison.^ The two lists correspond fairly closely. 
There arc some differences especially among the vowels. In the 
consonant lists the consonant r shows the widest variation atnong 
the phonemes of the two lists. Dewey's data show 11,4 per cent 
for r against 3.2 for r in the test materials used in this survey. This 
difference can be explained in part by the fact that no final r's were 
included in our count because it is a general practice among teachers 
of the deaf to teach final r not as a consonant but as a vowel glide. 
The justification from a phonetic point of view for this practice is 
a debatable point and need not be considered here. Another reason 
for tlie slight differences between the two consonant counts is that 
no members of compound consonants were included in the count 
of tile test materials. The reason for this has been discussed ahove^ 
The larger differences between the vowel counts in the two lists 
arc probably due to the relative simplicity of the test materials as 
compared with that used in the Dewey analysis. There is sufficient 
similarity, however, in both consonant and vowel lists to indicate 
that the test materials were not ^‘loaded” with any particular types 
of sounds, The rank correlations between Dewey's lists and those 
of this survey are: consonant ranks, .89, PE .01; vowel ranks, .84, 
PE ,12. 

A ratio between tlie number of times an individual phoneme 
occurred in the test materials and the number of times this phoneme 
was malarticulated by the subjects provides an Error Index for each 

^Dowey^s percentages! showing each sound in terms of total consoriants and 
vowels (3, p, 130, Tabic 17) hav^e been converted so as fo correspond to 
die data of the present survey. Each consonant is expressed in terms of 
per cent of total consonants and each vowel is expressed in terms of per 
cent of total voweU rather than taking both types of sounds together. The 
transcription used is that of the ^‘Northannpton Charts (p. 304-, Table /f) 
(see also Yale, 24-, p. 10) for convenience of teachers of the deaf. 
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sound. Tliis ratm, lo 1>(! referred in as ihc FJ raUo, can be used as 
a relative measure of the difficulty of each sound in the speech tests, 
If all phonemes had un /'-/ ratio of I, it would he an indication 
that all sounds were of equal diflictiliy, and ihiit no one sound 
caused Ricatcr difficulty than any ulhcr. On the other hand, when 
sounds have KI ratios theater than I, it is a dear indication that 
sonic factor other than mere frequency of occurrence is operative 
causing excessive errors on these particular sounds. When tlie El 
ratio is less than 1 it n\cans that this particular sound is i!;iviuK less 
trouble than one would expect juiIninR by its frequency of occurrence. 

Table 14 shows the distribution of consonants and vowels in the 
test material; the per cent of error for each; and the El ratlcu The 
data for the two schools arc Riven separately and lluin the lil ratios 
for the two groups arc combined- There is a close agreement in 
consonant errors between the two schools as the rank correlation of 
.80, PE .05 indicates, There is less agreement for vowel errors; 
the rank correlation is .45, PE ,14. 

In the Error Index columns for the two schools, Table 14, there 
are 11 consonants each with El ratios greater than 1. Furthermore, 
10 of these 11 consonants arc common to both columns; the frica- 
tives s and z arc interchanged. In other words, the same group of 
consonants which arc more unstable in tlic speech of the Clarke 
puj)ils arc also more difficult for Mt, Airy pupils. The group ol 
sounds which give trouble, i.c., those which arc unstable in the speech 
of deaf children are; the sonant stops, bj <1, and g; the aflricativcs 
eh and /; the fricatives Zj sh; the liquids / and r, the semi-vowel j'j 
and finally the aspirate //. The combined rankinj; of £/ ratios 
for tlic two scliQol groups (Table 14) gives them in the following 
order ; j, dj hj b, sh, Ij r, eh, y, Sj and z. The five consonants wliich 
have the lowest El ratios are v, ng, j), n, and ?/i. Tlirce of these 
five, pj 71, and appear among the lowest five in both columns. 
Each school group, therefore, experiences similar degrees of difficulty 
with identical consonants. The El ratio, therefore, provides a re- 
liable criterion for determining the relative difficulty experienced 
by deaf children in the accurate production of consonants, and for 
that reason, indicates the sounds upon which more careful practice 
and drill is needed. 

There is less agreement on the vowels when ranked according 
to the Error Index, There are 7 vowels in the Mt. Airy rank list 
with El ratios greater than 1, and 11 in tlic Clarke list. Of the 7 
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in the Mt. AiV)^ list 3 are duplicated in the first 7 in the Clarke list. 
The combined ranking of El vowel ratios^ therefore, is less reliable 
than til at of the consonants. 

The significance of the El ratio as a means of ranking consonants 
in their order of articulatory difficulty is clearly shown by tlie %vide 
range of variation in magnitude of the ratios themselves and by the 
close agreement between the rankings of the same series of con- 
sonants by pupils in the two school groups (correlation .80). There 
are two possible explanations as to why one consonant is given a 
higher or lower ranking in the El ratio than another; (a) Tlie 
sound is more complicated, or more difficult from the standpoint of 
the articulatory coordinations involved in its production; or (b) all 
the sounds have the same degree of complexity but individual deaf 
pupils have become more skilled in the production and in the use 
of some consonants than in others. If the second of the above ex- 
planations were valid it would seem a rare coincidence to find cer- 
tain consonants consistently among those more completely mastered 
ivhiJe certain others were just as consistently mal articulated by 192 
deaf children from two different school populations. If the second 
possibility were valid one would expect rather that no single con- 
sonant or group of consonants would be outstandingly difficult since 
the variations of individual pupils would obscure any trends in the 
analysis of the group as a whole, On the other hand, if the motor 
coordinations involved in the articulation of phonemes vary in degree 
of complexity this fact would be quickly manifested by the degree of 
accuracy with which all deaf children learn and use these sounds in 
their speech^ 


2 . Teachers Rankhtg of Phonemes 

A second method of determining the relative difficulty of con- 
sonants and vowels was employed, based upon the composite judg- 
ment of experienced teachers of tlic deaf. Printed instructions with 
the consonants and vowels listed in a random order were given 
each teacher, The instructions were as follows; 

’The thesis of 2ipf (25), namely, that there is an inverse ratio, not neces- 
sarily proportional between the magnitude of comple:<ity of phonemes and 
their frequency of occurrence in a language is partly supported by the 
dat.i of this study. There is a negatii'e corj'elation of — AS, PJ? .11 (Rank 
Method) between the consonants as ranked by the EJ ratio, and aa ranked 
according to frequency of occurrence in the speech mater fal, When Dewey's 
phonetic counts (Table 13) are substituted for those of the present study 
the correlation is less, — .41, PE .12. 
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Please rank the cotinonants anil xowcU liMctl licUnv in the 
order of their fi^achhig difficulty. TcacliinK dilficnhy means the 
rclniivc dilliculiy deaf ciiildrch Tacc in learning these sounds, 
and the decree of stability nf the sounds in ilic cverjdny spcccli 
of tkic dciif children. In other words, if 3n\i think iinme jioiiiidn 
are harder than olhcrji to tench, or fiOinc rei|uire more fre- 
quent corrcciinn ns the chshlren use them in their daily s[ieech, 
rank them in ihfll order. Please do not c'tmsuli your rnl- 
Icngucs in this mntter. 

Tircnty teachers irom the PrimniTi IntiTineclhiN', and finiinniar 
Departments of Clarke School Milimitictl lankini! lists, 

The iiulividital rankintis were cennhined into composite lists, one 
for each department, then a final composite list for tlic entire ^^roup. 
Teachers within the same department a^rcc very well as to the 
order of df/Iicitky of both consonants and vowels. The fij'rcctncnt 
between the three departments also was high. Rank correlatitm 
cocfTicicnts between the composite rankings of the three dcparimcnts 
were as follows (Table Table 15 shows the composite teacher 
rankings of consonants and vowels. 


'I'ABLK n 



Consonants 

Vowels 

Primary va. Ihtcrmcdinlc 

.91 

PK .02 

.82 

PE M 

Primary vs. Gcnmmnr 

,83 

p^: ,05 

.89 

PE .03 

Inlcrmodiatc vs. Grammar 

.83 

p]-: .05 

.86 

PE .05 


A comparison of the El ratio ranking of ph<inenies willi the 
teaclicrs* ranking shows a rather low correlati<m, Table 15 slum's 
the consonants and vowels ranked according to both methods. Tlicrc 
is a correlation of ,39, PE .12, between the consonant rankings. 
Tile agreement on vowels is slightly higher, correlation ,47, PE -14. 
The cocflicicnts of correlation between the El rankings of the two 
schools taken separately and the teachers' composite rankifig arc listed 
at the bottom of Table 15. 

The low correlation between the teachers' ranking of phonemes 
and the El ranking indicate that, while teachers are able lo agree 
among themselves as to the relative diflIicuUy of consonants and 
vowels, their judgments do not agree with a scale of difliculty 
determined experimentally^ The reliability of the El ratio as a 
measure of relative difTiciilty of consonants is established both hy 
the fact that there is a high agreement between 1^7 rankings taken 
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TABLE IS 

Rankings or Consonants and Vowbls dy the Comuined Error Inpbx Ratio 
(C l.ARKE AND Mr. AlRV) AND A COMPOSITE OF 20 TEACHBRS’ RANKINGS 


Combined 

El Ranks 

Composite 

Teachers' Ranks 

j 

1 

1 

d 

2.5 

17 

h 

2.J 

12 

b 

4 

Ifi 

e 

5.5 

10 

sli 

5.5 

8 

1 

7 

4 

r 

% 

5.5 

ch 

9 

7 

y 

10 

9 . 

z 

n 

5.5 

V 

iz 

3 

th^ 

13 

22 

w 

14 

19 

wh 

15 

23 

l 

16 

21 

/ 

17 

ZO 

tkP 

U 

M 

k 

19.5 

11 

V 

19,5 

15.5 

ng 

21 

7 ' 

P 

22 

24 

11 

23 

13 

m 

24 

15.5 

i-e 

1 

5 

01 

2 

8 

ur 

3 

7 

ee 

4 

3 

-c- 

5 

1.5 

-Q- 

6 

10.5 

oo“ 

7 

1€.S 

o-e 

8 

9 

00^ 

9 

15 

ou 

10 

12 


11 

5 

a-c 

12 

1.5 

aw 

13 

13 

-a- 

14 

6 

a(r) 

J5 

16 

-ii- 

16 

14 


Correlations, Rank Diff. Method: Consonants Vowels 

Clarks Teachers Vs. Oarke BJ PE .12 ,03, PE — 

Clarke Tenchers vs. Mt. Airy EJ .44, PE -12 .61, PE .11 

Clarke Teachers vs. Combined B1 PE A2 .47, PE .14 


from two distinct school groups and by the fact that it is based upon 
cxpeninental data rather than judgments. 
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The El ratios for vowels show anisulerably j^rcatcr variability 
between the two schools than those of cnnsonaiUs. The correlation 
between Clarke and Mt, Airy for the two vfm^cl rankings is .45, 
PE .14. There arc tM'o possible c.vpionatioDs for this variation in 
vowel rankings. In the first place, the articvilatoiy movements (or 
vowel positions in speech arc less drliiiitc ihan those for consonai\ts. 
For this reason the sensory cues frovn the vowel movements arc more 
va^mc, and deaf child ren* who must depenf] upon t)tc kinncstljctic 
cues (or accuracy of movement, may make errors in articulating nny 
vowel rather than particular ones. A second possibility is suggested 
by tlic fact that in analyzing the records the experimenters' ^vcrc less 
critical in assigning vowel errors than those of consonants. This 
would mean that many minor errors were not listed in tl\e ciror 
categories. 

The teachers’ ranking of consonants and vowels ngrec u'itli the 
El rankings in certain isolated cases, For instance, all teadicrs 
agree chat the consonants cb, I, r, and s arc the most didicult 
sounds; they also agree that pj /, m, and n arc relatively easy* Tlic 
same teachers, however, place the sonant stops, i, /I, ar}il near tlie 
bottom of their lists as being among the less difikult (Table 15). 
The El ranking, on the other hand, places these three phonemes 
among the five most difficult consonants. Krrors involving sniiiuit 
stops are outstanding in the speech of all the move profouiidlv deaf 
pupils tested. It would appear, therefore, that teachers arc either 
unaware of these errors in the speech of tlicir children, or that 
they consider that the sound is learned when the cltild is al>le to 
give it as an individual element. There is also u wide discrepancy 
in the placement of the aspirate, It, by teachers and Ff ratio ranking. 
Composite teacher ranking place fi in 1 2th position while the W 
ranking places it second. It is interesting to note tJm variation in 
the placement of the aspirate hy teachers themselves: Primary teachers 
gave it 9th position, Intermediate teachers gave it a rank of 11, and 
Grammar Department: teachers gave it a rank of 23. Primary 
teachers arc more awai'c of the difiicultics invfilvcd Ui teaching li 
than the others, although the older pupils very definitely fail to use 
the aspirate m approximately 9 per cent of attempts.^ 

®Tlic nspuntc // might have been given a ?icpai*aic category in the 
analysis of the data since it is totally dilTcrcnt from all other consonnms. 
It was Included among consoimms in ihb study in order to prevent fu idler 
complicating the frnmcwoik of error caicgoi’ics. Tlio prcseiicc or ahiciicc 
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3. Sumiwi'i/ 

The method of aiuilyzlng articulatory errors makes it possible 
to determine the frequency of occurrence of errors on each ot the 
consonants and vowels. By counting the actual number of phonemes 
in the test materials and converting individual consonant frequencies 
into percentages it is further possible to determine an Error Index 
which furnishes a means of ranking consonants and vowels on the 
basis of relative difficulty, The Error Index of a sound is defined 
as tlie ratio of the frequency of malarticulations of that sound and, 
the frequency of its occurrence in the test materials. When the ratio 
is 1 the sound is of average difficulty; when it is greater than 1, the 
sound is of greater tjian average difficulty; when it is less than 1, 
the sound is of less than average difficulty, 

A composite ranking of the same sounds by 20 teachers of the 
deaf, on the basis of the teaching difficulty of the sounds has a low 
correlation (.39) with the El rankings. Teachers agree fairly 
well among themselves on the relative difficulty of consonants and 
vowels. 

The El ratios of vowels show a wider variation than those of con- 
sonants among the pupils of two schools for the deaf. The difference 
betireen fhe motor aspects of the two types of phonemes is suggested 
as the cause for this difference in variability. 

of nn aspirate preceding a word beginning with a vowel requires the 
speaker to make a distinction between two basic types of "vocql ijttnck.” 
Many profoundly denf children cither find this distinction extremely difficult 
or they have not been taught to distinguish between the two. Pupils who 
speak with breathy voices give the impression of beginning all vowels with 
.aspirates and make neither physiological nor acoustic differences between 
such syllables as /inrw and ariit, tor and Itettr, Auditors including class- 
room teachers take their cues from the context and supply the missing 
aspirate, or discount its presence when it is not implied by the context. 



V. DISCUSSION OF RESULTS 
A. Speech Intelligieility 

Intelligibility must be the final criterion by which the speech of 
deaf children is to be judged. Articulatory errors were included in 
the final analysis of the data of this study only when at least one 
audition error could be attributed to them. A more rigid criterion 
would have yielded a far greater number of errors. There is some 
justification, however, for using intelligibility as a standard for de- 
termining whether or not variations from an objective ^'articulatory 
norm” should be counted as errors. A more rigid analysis would 
liave ignored the very practical fact that often very poor speech was 
understood. The degree of toleration of the car for vaT3nng degrees 
of phonetic inaccuracy, and the cues derived from sentence context 
are two factors which definitely limit the effect of articulatory crrois 
upon intelligibility. 

The intelligibility scores as determined by the methods described 
in previous pages probably are too low for both school groups. There 
are several factors other than the actual speech errors themselves 
which contributed to the low scores: (<:?) Losses due to the electrical 
transcription and reproduction; and {b) The absence of lip-reading 
cues in the auditing of the records. To these may be added tlie fact 
that unrelated sentences were used, thus limiting the contextual 
cues. These factors were counter-balanced to some extent by using 
as auditors persons familiar with the speech of the deaf and by allow- 
ing three repetitions of each sentence. 

More accurate intelligibility averages can be approximated, how- 
ever, by a bit of calculation. The loss in speech accuracy due to 
electrical transcription can be determined roughly by comparing in- 
telligibility scores obtained by this method with those obtained in the 
annual speech tests (1, p. 35) taken the same year. When pupils 
read the test materials directly to the auditors, who are not watcliing 
the speaker, tlie average gain in intelligibility over the electrical tran- 
scription scores was 20 percentage points. This average gain was 
obtained from tlie same group of Clarke pupils used in this study. 

It is also possible to check the effect of lip-reading cues upon speech 
iiUelligibility scores by means of the annual speech test data. In 
giving the tests four auditors are used, two of whom look at the 
speaker as well as listen; the other two merely listen. The “look- 
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listen" scores arc usually lii^xlier than "li.sren” ycores by an 
nvci'age of 10-15 percentage points. 'Phis wnnbi intlieaic, therefore, 
that cues derived from Hp-readirii: add consideratdy rn thv intellij^ibili^ 
ty scores. 

Thus the sum of tlie loss due to the rmirdifijr meihcul usetl in this 
study and that due to tlte absence of lip' i calling: cues aniniuits to 
30-35 percentage points, Adding tllfs airreciinn lo the ^ejieral aver- 
aRCS of the Clarke pupils the avcraizc inlcllimhilily level becomes 
something like 60-65 per cent, ^vhile tliat id Mt. Airy pupils is 
raised to 55-60 per cent. Tim estimate is probably nearcM’ the true 
intelligibility of the pupils of both scluuds when their speech is con- 
sidered from the standpoint of normal sticinl intercourse, 

]]. Possinu- Causi-s or SpuKcn Errous 

The primary causes for the lack (d intcIliRiliilily of the speech 
studied in this survey were the articulatory and rliyiljmic errors, 
the analysis of which has been presented. The seven coiunnant 
and five vowel error catej^orie.'i tcake into account practical Iv all f>f 
the recurrent error types cxltibited by the pupils lested. A close 
analysis of the ^several error categories reveals that they may he di- 
vided into two distinct groups on the basis of the jmiior processes 
in which the errors occur. It is of interest to examine the two groups 
of errors in terms of tbciv frequency and relative iiuporluncc for 
speech intcdigi'bdity, One group of error categones may he suiV 
to involve the inaccuracy, or the failure, of the articulatory processes 
themselves, while a second group involve a lack of coordination be- 
tween articulatory processes and the breathing muscles. 'I'o the first 
group belong errors of consonant and vowel substitution, dropping 
components of compound consonants and diphthongs, nasality of 
consonants and vowels, and neutralization of vowels. T'o the sec- 
ond group belong errors involving the surd-sonant distinction, split- 
ting compound consonants and diphthongs, non-functioning of releas- 
ing and arresting consonants, and finally, tlie malar ticulation of abut- 
ting consonants. This second group of errors make up the larger 
proportion of errors in the speech of the pupils tested. Likewise, 
tlic categories of the second group arc more iinporlaiit for speech 
intelligibility as deterijiined by the criteria of relative importance. 
While not ignoring those errors Mdiich arc purely articulatory, it may 
be said that the basic speech errors found izi survey arc tho.se 
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which represent failures of the speech mechanism as a whole, a lack of 
integration and coordination of the several component muscle groups 
^rhicJi make up tJic complex speeclj mcchan ism, Erjors of rhythm, 
also, the importance of which has been demonstrated, fall into tliis 
class. 

The implications of these findings for the speech training program, 
and for mctliods of approach to this program tire of signal importance. 
A very important question arises: Why do deaf children fail to 
achieve a higher degree of integration of the component elements of 
t/ic speech mechanism? A logical answer to this question would be 
that the methods of' speech training fail to take into account the 
complexities of the total speech mechanism and that sufficient prac- 
tice is not afforded for the necessary integrative-coordinative process- 
es, Speech is mediated by a group of widely dist ribufed organs co- 
ordinated into a functional unit. Speech production is a secondary 
function of these organs each of which has had a primary function 
of its own in the vegetative and metabolic processes of the organism. 
Some of tlicpc processes, like respiration for instance, must be carried 
on concurrently with speech. Normal speakers learn quite iincon- 
sciousU’' to make the necessary adjustments and modifications of the 
bi'ca thing mechanism cn^l3^ Deaf children must be taught to make 
tlicm, and to make them primariljr in terms of movements without 
the acoustic cues to guide them, Tt is of vital importance, therefore, 
t/iat teachers have adequate knowledge of the detailed functioning of 
the seiTial parts of tlic speech medianism in order to induce the 
proper coordinations necessary for fluent, intelligible speech, Empha- 
sis upon one set of organs during the early training period, for in- 
stance the articuhitory organs, and neglect of another set, the breath- 
ing muscles, will have far-reaching effects upon later speech develop- 
ments. The integrative process for grouping s^dlables, accentuation, 
phrasing, should begin with the first speech exercises and be con- 
tinued throughout the training period. 

It is not possible to point to any definite cause, or set of causes, 
which may have produced the errors discussed in this paper. In lieu 
of stating definite causes, however, one may point out obvious fac- 
tors which are operative in speech development of deaf children 
which may well lead to errors such as arc herein discussed. 

First of all, the absence of usable amounts of hearing, or impaired 
hearing, are admittcdl3^ priin.aiy factors in imperfect speech develop- 
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nient. Speech errofs and the dc/^rce of iiearJn)i; loss arc Jr/^hly cor- 
related. Tlic use of hearing aulH fnr pupils who have usable amounts 
of hearing definitely improves the speech of [hose pupils who arc given 
this advantage. That the faciur of dealiicfis is the sole cause for the 
relatively high frequency of speech errors^ however, is open to <]ucr. 
tion. The absence of Itcaring makes it necessity f)»r tlir child to 
learn spcecli by artificial methods, and the accuracy of siicl) spccdi 
will depend to a considerable degree \ip<m the thoroughness of early 
Speech training. The mental development of the child and the age 
at which speech instruction begins also affect speech development. 
Spcccli, once cstablishedi however, is not dependent upon hearing for 
Its sensory control. Ample evidence for tin's is found in the fact that 
deafened children and adults can retain normal spcccli coordinations 
and intelligible speech after losing their hearing. The age of the 
person at the time of the incidence of deal ness will dcterniiiic in some 
degree flic amount of dclcrioratinn of speech folio-wing deafness. 
Adults, in whom speech habits are definitely established, retain speech 
in a highly intelligible form. The speech of children, deafened .at 
the ages of 3 to 6 years, will undergo serious deterioration. The 
stage of development of speech habits, therefore, is a primary deter- 
minant of the amount of deterioration to he expected following ad- 
ventitious deafness. It Is Interesting to note, however, that speech 
deterioration following adventitious deafness is a matter of defective 
articulation and voice quality rather than that of rhythm and the 
basic coordinations between articulatory and brcatliing movements 
(9, pp. 22-24). Speech coordinations, therefore, can be controlled 
by kinaestlietic and tactile cues in the absence of hearing, 

A second factor which must be considered In discussing the fic- 
quenej^ of errors in the speed? of tlic pupils tested is the mctliod 
which speech Is taught. Speech teaching in schools for the deaf In 
America has followed rather closely the patterns set by the early 
pioneers in this field. The almost universally current method is 
known as the ^Tlcmcnts-’* or the ''Analytic Method." The basic as- 
sumption of this method is that spoken, like written, language con- 
sists of a discrete series of "events" or sounds strung together form- 
ing syllables, words, and phrases; and that these individual "ele- 
ments" may be lifted out of their functional relationship to other 
sounds and taught separately as discrete entities. Once a sufiicicnt 
number of elements has been learned the pupil will then be able to 
put them together and "build" words and phrases. 
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In the opinion of the writers the ''Elements Method” of speech 
teaching is based upon a limited knowledge of the complexity^ of 
the speech mechanism as it functions in normal speech, and its as- 
siimptions arc based upon the written rather timn the spoken forin 
of language. 

In the fust place speech is not a single series of events; it cfinnot be 
reduced to a single line of "sounds,*’ TJiere are two different and 
essential scries of movements in speech, namely, the series of syl- 
lable pulsations of tiie chest-abdominal muscles, and the articulatory 
movements which produce the vowels and consonants (17, 18). 
These two series of movements occur concomitantly during the 
process of speaking and must be properly coordinated and integrated 
if normal speech is to be effected, The pulsations for the syllables 
are the dominant movement series and carry the rhythm of speech. 
Consonant and vowel movements, on the other hand, are the depend- 
ent series and arc accessory to the syllable movements. 

Syllables, rather tlian consonants and vowels arc tlie basic phonetic 
elements' in speech (]5, pp, 27-32; 23, p, 85). Consonants are ac- 
cessory movements which have definite functioii, (releasing, arrest- 
ing, and linking of syllables) in speech. They have no independent 
existence and cannot be uttered properly apart from the syllables in 
which they function. Vowels may be uttered as single syllables but 
consonants never. The true consonantal function is that of opening 
and closing the oral canal for tlic release and arrest of syllables. 
The syllabic pulsation is given acoustic qualities as the air activates 
the vocal folds thus producing the vocal tone which is modified by 
the oral cavities. The consonant movement may only partially close 
tile oral cavity; or the vocal folds may be set into vibration during 
occlusion of the consonant; in eitlicr case the consonant itself takes 
on an acoustic quality. Indeed, the partially closed pasition of some 
consonants may be assumed and the resulting sound become a vowel: 
Thus the second I in little, or the n in cotton- The so-called semi- 
vowels w and y are extreme cases of this interchangeability of con- 
sonants and vowels. There is, however, a basic distinction between 
the consonantal and the vowel articulation in relation to the syllable. 
This distinction is based upon the nature of the articulator}’^ move- 
ment (15, p- 39). 

Properly articulated consonants involve accurate coordination be- 
tween chest- abdominal muscles, which control the pulsations of the 
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syllables, ami ibr lips \rluiii, .iiul jaiv nmunirnl*'. Tliis 

cficirdlnalum is vilal Un ^innnHi. Iliii ni ^pnrli. (.'‘iniMinant^ lau^iht 
as separalc “elcmeiUs ' cifcni brt'oine, in *)ir sprech mI ilraf cbililrciv 
mere static pusiiuins nr sliiw ir.msitnr^ nii*vriiirii(s lacking: ibr neers- 
sary dynamic qualiiies nf uriiculaic* spmli. Wlini siiih '‘omsfiiianis’' 
arc combinni wiili vnwrls in (nriii uitnK atui pbra^rs, llir 

effeef Is tliai of itirrr juMaiHisinoH of MmiiiK Mrurij: injidluT like 
bcsids on a strinjc- Tlie aUeritbin of ilir pupil is lixnl upini ilic 
articulation nf iiuliviiluul pboncnir'i rallicr iban upoji ilic wonl or 
phrase of which the plkmeiues arc iii*-rpar;ililr pari^ (H, pp. 2S-201. 

Ftirthermoro, the "ICIcvnenis Meihoil’* of irscH is not nnulucivc 
to the development of normal speech rhvilnn. StrtRui, (15, p. 205) 
in another connection, expressed the diflictihy ihu^: “And it is not 
the ease that one can first master ibe VlcmeiUs’ nf pninuncialioii, 
the 'sounds’ and then set them in llie rhythm/* A srriis of sounds 
methodically strung! together slfnvs up the rate* of syllnhle uttiTunce 
and prevents the proper (-nKipiiijr of syllahlr> into rhuliniii' patterns. 
Normally the rliylhniic j^nmpiiii; of syllaldrs willu’n the phrase 
effects chanties of <hirati(m, q\iaHly and inleiisitv of ciiiiMHiunts and 
vowels, and may even determine in winch syllahlr llie plrnnemts shall 
function. Since syllables, rather than individual sound*-, carry the 
rhythm ol speech (18, p. 246), tlic rliyihnuc umopinti of syllables, 
imposes (Ichnite limitations of duration and ipiality tipon ilir individual 
phonemes. In the speech of many of the pupils anul\/(*d in this 
study, however, the "chain of sounds" hrcami* the dtniiinaiu series 
of events. Syllables, when apparent at all, recurred mi slowly as to 
make rhythmic p^roupin^ impossible. 

That the "analytic nicthocr' of speech tcachinjz fails lo produce 
intelligible speech in the ease of some profoundly deaf pupils cannot 
be denied, and the low decree of intcllijiiliilily in many pupils is an 
indication that a careful reconsideration of metlmds of speech teach- 
ing is apparent. In this connection we may note the manner in wliich 
speech is acquired by normal hearing cliildrcn, A huig j)criod of 
development precedes the fluent speech of normal hearing indiviiluals, 
Imitation, through hearing, is of course ihe primary nu'aiui senseny 
control. Vowels and consonants as "clemcius" arc ignoiLMl in the 
process. There is a considerable period during whith ilu' nornia! 
infjint vocalizes and babbles in a completely autt>maiii* manner. In 
this process the speech mechanism is executing random mm^'menis 
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similar to tliosc of the arms and legs. The child ma}' be s.Tid to be 
‘'playing widi his voice,"* or '‘experimenting"* with sound. Finally 
words and plirnscs are spoken. These first attempts at speech are 
immature and faulty; the consonants and vowels arc defective, but 
in later stages of development the errors arc corrected. During 
the entire developmental period, however, the “experimental*’ efforts 
are carried on in terms of sjdlablcs, words and plirascs (breath 
groups) rathez' thian single phonemes. At no point in the develop- 
ment can it be said that the normal child analyzes or “breaks down"" 
the plioiietic unit, the syllable, into component parts. 

Tlie hearing child, during the speech development period, is exer- 
cising the entire speech mechanism, That is to say, the breathing 
muscles which control the column of air, the articulatory mechanism, 
including the laryngeal muscles, arc brought into pLay simultaneous^ 
ly. Thus, the entire speech mechanism is undergoing a process of 
training; the several parts arc becoming integrated and coordinated 
into a functional whole. 

Deaf children, on the other liand, who are trained by the analytic 
method, receive training in articulation and elaborate exercises for 
tongue and lips while the breatiung muscles during this period are 
cither neglected or exercised separateh^ Thus, when the pupil has 
“mastered** a few consonants and vowels, he is expected to put them 
together to form syllables and words, and even phrases. Rut a very 
essential part of the speech mechanism has been left out of tlie pre- 
liminary training, and the resultant speech is halting, strained, and 
breatJiy. 

There is sufficient evidence which indicates that congenitally deaf 
cliildren pass through some of the early stages of babbling and auto- 
matic vocalizing. Often parents report that they were iinav^are the 
children Mwe deaf until speech failed to develop at the usual age, 
Babbling and vocalizing may coritinue even through nursery school 
age. Sykes (20), who made observationa on deaf children of nursery 
school age, reports that in their spontaneous vocalizations young deaf 
children used practically all of the vowel sounds and most of the 
consonants in standard English. 

The early automatic vocalizations of deaf children, however, can- 
not in themselves lead to speech development since the absence of 
bearing prevents the imitative and corrective responses. These early 
efforts, however, can be supplemented, directed, and encouraged 





both by fY^fm9;&l tiaflc* and h> jfdiw aisiv^sul I h^^ vmuJ and 

raciile ?»i itw ihilt! W iiiiiii/<*d in ninujr:is:f imiiaiivc 

«pttecli respnn!®^?^ and ih*? %fnnj^nnnn may hr ilirccicd 

toward*! d«\cUn|»mrnil. "Hic rrvu;*l in ^rrmi \^a^•'^ r4f nufs^ry 

schofiU for tleai c)iildr<rn pioviJr^ an r^c#*llrhi opp^ninniiv (m cx- 
pcrimcnialion uith morr nalMr^al mcthod^i irainiriu. U h 

inlciresimg to note thsit iIk foim^l "Mniirnu nirilmrC" iMfHjnL be 
iiHCii'wilh children of rmf^ry ajjr, hencr tlm inCormal naUiral 
(synlhciic) rtiethml ha**^ uj^m imitaiinn k imlicaird. 

The so-called "Hclgian Melhrurl” r»f ?ipm'h ir^chiriiJ. whicly used 
5n ndgiutu and France and iccenily inUotluced in Am^^rica k based 
upon the natural imilalive appmach, h U nn aitnnpt to entry over 
into speech teachinix the methoih lonje: H’^iI in *»rhrn»N For the deal 
(oc WacUioK Tcadm\^ (23, vi^ 97U U W att applicahnn of I he p>vcliO' 
lofticnl concept of “larlohnli^Mnion” ■whiclt wai; inumhued into primary 
education by Dccroly in IWgiuin Jn lW)6 (23, p. 97). Hcrlin later 
nitroduccd the mciliocl inin the Heluian ftidiOfiN for tlir deaf (23, p. 
99; 4, p. 8). The es^^cntinl thing in thS^; meiluHl U ihiu the youau 
deaf child is prepared For sprecli fir-ir hy enenurauinu hahhling nnd 
syllabic exercises. Then he is encouraged to inti I ale tvonN and 
phrases without first having learned the individual 'Vleairnls" (4, 
5,21). 

Haycock, a teacher of long experience in the EnglMi Schools (or 
the deaf, advocates the '^syntlictic method** of speech leaclniig hut 
warns (8, p* 27) that it is ncccmcy to correct articulattuy error'^ 
before they become fixed. 

Obviously, deal children must be taught correct articulatory re- 
sponses If they arc to learn to speak mtelliRibly. The fact that articu- 
fatory movetnents, however, arc Jascpavably (used, from n functional 
standpoint, to the equally important movement udiich controls the 
column of air in speech cannot be overlooked, and must become a pri- 
mary factor in speech teaching. A logical approach^ therefore., to tlic 
problem of dcmutliation of deaf cbildrcn is one that makes the syl- 
lable the phonetic unit. Syllabic movcnicius which control articula- 
tory movements aad whicli release, arrest, and otherwise niodify the 
air column must be taught simultaneously. 'Hie grouping of syl- 
lables into breath groups which means a controlled movement id 
expiration forms a vital part of such a program, 

The findings of this investigation indicate a need for a general 
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rcconsidcmtion of methods of speech teaching in the light of modern 
experimental phonetics and speech development of normal children. 
Nursery schools for deaf children offer excellent experimental op^ 
poitiinitics in this direction. There are encouiaglng indications 
that til is movement is already in progress. 




VI. SUMMARY AND CONCLUSIONS 


Speech samples taken from 192 deaf pupils betrveen the ages of 
8 and 20 3 Tars from two oral scliools for tlie deaf were anah'^zed to 
determine the degree of intelligibility, and to determine the frequency 
and relative importance of speech errors which interfered with intelli- 
gibility, 

The purpose of the study was: to identify speech errors, to 

classify recurrent errors into general types or categories, and to deter- 
mine their frequencies; and (Z^) to determine the relative effects of 
each type of error upon speech iiitclliglhility, 

Each subject read 10 unrelated sentences which were recorded 
plionographically. The intelligibility of the sentences was obtained 
in quantitative terms by playing back the acoustic records to groups 
of auditors. TJie records were furtlicr analyzed to detcj-nnne errors 
of articulation and rhythm. 

Two general types of errors appeared : errors of articulation, in- 
volving both consonants and vowels, and errors of rhythm. 

Consonant errors were classified Into seven general types or cate- 
gories as follows; (rr) failure to distinguish between surd and sonant 
consonants; (i) consonant substitution; (e) excessive nasality; {d) 
mal articulation of compound consonants; (^) mnlarticulation of 
abutting consonants; (f) non-functioning of arresting consonants; 
and {{/) non-functloiiing of releasing consonants. 

Vowel errors were classified into five general categories: (rt) 
vowel substitution; (h) malarticulation of diphtliongs; (c) cliph- 
thongization of vowels; (d) neutralization of vowels; and (^) 
nasality of vowels. 

Analysis of the speech samples from the standpoint of speech 
rhythm showed three types of rh 5 'thm: (rr) sentences spoken with 
correct rhythm; (^) sentences spoken with abnormal ihytlini; and 
(e) sentences spoken non-rhythmically. 

The data were analyzed separately for the two school groups. The 
frequenc}^ and types of errors are presented to show their distribution 
according to degree of deafness and according to age. 

Results show that approximately 21 per ccrit of all consonants 
and 12 per cent of all vowels were malnrticiilated by 192 deaf 
children. 

Errors involving the surd-sonant distinction, compound consonants, 
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and the failure of the rclcasiin^ consonanlf^ were found to be the most 
frequent of the error categories and also the most important relative 
to speech intelligibility. Tlic criteria of relative importance of con- 
sonant errors were: (/^) dcttrec of correlation Ijctweni frequency of 
errors in each error category anti speech intelligibility scores; and 
{b) the frequency of errors in terms of the nuinher of errors possible 
in any category. 

Vowel substitution and lualarticulatiori of diphtliongs were the 
most important of the vowel error types by tl»e above criteria. 

The frequency of errors of artlcvilatioii and errors of rliytlim in- 
crease with increased hearing-loss. A detailed analysis revealed that 
some of the individual error categories wore more highly correlated 
with hearing-loss than others, Suggested explanations for these dif- 
ferences take into account: («) acoustic and motor-plior)ctic dif- 
ferences in the structure of the phonemes involved; and (b) differ- 
ences in the manner in which speech is learned by profoimdly deaf 
and by partially deaf children. 

Partially deaf pupils who have had consistent and systematic train- 
ing with hearing aids make fewer errors than those with the same 
degree of hearing-loss who have not enjoyed this advantage. 

Analysis of the data according to age shows that older pupils nf 
the groups studied, especially the Clarke group, make a greater num- 
ber of consonant errors and a lower average intelligibility score. 
Analysis of annual mtclligibiiity test scores over a six-year period, 
however, indicate no general deterioration in speech with age. In- 
dividuals show losses or gains in tlicsc testa, but tlic general average 
over the six-year period is constant. A better explanation for tlic 
apparent deterioration Avith age which appears in this investigation 
is that the speech of older pupils of the Clarke group probably has 
been inferior from the beginning. 

The importance of speech rhythm for speech intelligibility among 
deaf pupils is indicated by the fact that sentences spoken rhythmically 
correct have almost a 4 to I chance of being understood over those 
spoken with incorrect rhythm. Errors of rliythni, like errnrs of articu- 
lation, increase with increased hearing-loss. Sentences spoken rhy/h- 
inically as distinguished from those spoken firhytlmitrally tend to in- 
crease with age among pupils with all degrees of deafness. The 
correct form of English grouping and accentuation, howevci', docs 
not appear to increase with .age .among the profoundly deaf pupils. 
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Comparison of the relative importance of speech rhythm, con- 
sonantSj and vowels, for speech intelligibility reveals that the contribu- 
tions of rhythm are just as great as those of consoaants, and that 
both rhythm and consonants are of greater importance than vowels 
in determining speech intclHgibiUty, 

The methods of analysis of articulatory errors used in this study 
make it possible to compare one phoneme with another on the basis 
of relative difficulty and stability in the speech of 192 deaf pupils. 
The degree of difficulty of any consonant or vowel was determined 
by its Error hidex, which is an expression of the ratio between num- 
ber of times the sound wns malarticulated and the frequency of oc- 
currence of the sound in the speech test material. The Error Index 
ranking places each consonant and vowel in the order of its relative 
difficulty in the speech of deaf children, A second rank order, based 
on the combined judgments of 20 teachers of the deaf ranking each 
sound on the basis of its teaching difficulty, fails to agree with the 
Error Index ranking. 

In conclusloHj intelligibility must be the final criterion for judging 
the speech of the deaf. Intelligibility, or the lack of it, is determined 
largely by the frequency of errors of articulatiork and errors of 
rhythm. Those articulatory errors which most effectively interfere 
with intelligibility arc those which result from a lack of coordination 
between the articulatory organs themselves and the muscles which 
control the column of air during speech. Speech rhythm, which is 
. primarily a matter of grouping, accentuating and phrasing syllables, 
is also dependent upon a high degree of coordination between the 
several parts which make up the speech mechanism. Speech training 
methods, therefore, must take into account these facts. Methods 
which emphasize the training of the articulatory organs, to the neglect 
or exclusion of the bieath'control mechanism, fail in the basic pur- 
pose of speech training; namely, that of establishing an integrated 
speecli mechanismi Speech is a dynamic process; it cannot be broken 
down into static positions and isolated movements. An anah^ik 
method of speech teaching of itself, therefore, violates basic physio- 
logical and phonetic principles. A synthetic method in which the 
basic phonetic unit is the syllabic is in keeping with these phj'sio- 
logical and phonetic principles; it is the natural method by which 
licanng children acquire speech, 

The findings of this study suggest the need for a reconsideration 
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of current methods of speech teachinK in .ichouls fur the deaf. Hard- 
of-hearing pupils mid those who have a iisahlo amount of residual 
hearing should be taught bj' visual-auditory niethods made possible 
hy developments in modern hearing aids. Profoundly deaf pupils, 
to whom speech must remain a scries of iiHn'emeiit>, must he givcti 
every opportunity for developing the complex imivement coordina- 
tions which make up the speech process. 
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